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imoDuca?ioij 

This report smnnarxaes two major sub-tasks of contract SfAS10-8575j 
“Computer Model Deyelopmeut for Electrical Power Systems." These 
subtasks are: 

1. System Model Development 

2, Short Circuit Program Development 

These tasks have been pursued over the preceding ten month interval 
a-nd have resulted in a complete representation of the power network 
to the 4S0 volt levels and a short program tailored to the KSC 
network iir^lemented on the KSC digital computer system. The explicit 
summary of these developments is included in the attachments to this 
report, which are: 

1. System one-line diagram coded with model bus designations. 

2. Computer print- out of network data base. 

5. Computer listing of the short circuit program including short 
circuit values for the existing network.^ -■ 

This report is intended as a user's guide to the network model and . 
the short circuit program. Emphasis is placed on reguirements for 
updating the model and the program to incoiporate modification 
and additions to the existing KBO netr-rork. 

Section II of the report describes in. detail the assumptions made, 
and the technigues used in determining network model parameter values . 
Necessary formuj.ae together \d-th sample calculations for determining 
impedance values for each of the many line and cable eonfigurations 
utilised at KSC are included. These formulae will provide the 
necessary data required to update the network for future changes. 

Section III describes the short circuit program. Included is a 
description of the basic computational techniques enployed, a flow 
diagram of the prograni and a detailed description of operational 
procedures . A definitive description of program change procedures to 
incorporate network ch.mges is included. 
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II . Network Model 
Introductioa 


The objective of this section Is to illnst 3 rate the methods and 
formulas used in modeling the system. We have considered it useful to 
outline the assumptions made where no exact data tjas available to enable 
the user to update this model if such data is obtained in the future. 

We also emphasize that ground faults in electrical cables wild, in 
general, define a band of current levels which is time dependent; the 
level of fault current increasing with time. In this report, we have 
chosen the upper boundary of the band beca’ose it ttIH certainly define 
the maximum settings that ground relays should have. 

This section is divided into 5 main items, each one subdivided 
accordingly to its context: 

1. Model per unit base 

2. Positive -Negative sequence impedances of 5 power cables 

5. Positive-Negative and Zero sequence impedances of overhead lines 

i+. Zero sequence Impedance of 5 P pcwer cables 

5 . Summary of net^'Tork configuration and bus designations 

Appendix I - Computer programs for zero sequence impedance calculations 
of 3 power cables 

The model data is an integral part of the short circuit program and 
may be printed on demand. A print- out of existing parameters is provided 
as an attachment. Work sheets of impedance calculations are also attached, 

A set of single coded line diagrams is attached to provide the 
interface between tlie assigned bus codes and the actual network designations . 
Section V also provides a list of bus codes correlated with netvrork 
location. 

The Tririian River Draw Bridge system is an independent system from 
the Launching Complex or the industrial Area systems and it must be 
considered as a separate computer program. Data has been computed in 
per unit impedances and a set of cards is furnished for this system. 


1. Network Model 
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A, Model Per-Unit Base 

a) The following base has been chosen for both the Launch Goinplex and the 
Industrial Area 

Voltage Base: 13.8 KV 

Power Base: 10 MVA 

Current Base: 418.86571 AMPS 

Impedance Base: 19,044 Ohms, 

According to this base the following voltage sources are defined: 

Launch Complex = 1,0 $ . o- : 

Industrial Area = (.9565217) == ( 13.2/’ 13.8 ) - ,9i49338 

b) Transfer factors for cables impedances at different voltage levels 
are obtained by the formula = 

^(p.u.) " ^(ohms) ^^^19.044 

where F, the transfer facror, is given as: 

f=7Tj. 

i=l ^ 

and 

square of turns ratio of a transformer in the circuit 

n= number of transformers between the two different voltage 
levels. 

Typical Transfer Factors are as follows 

13.8 KV to 4.16 KV F= 11.00453 

13.8 KV to 2.4 KV F= 33,0625 

13.2 KV to 2.4 KV F= 30.250 

13.8 KV to 480v F= 826.5625 

B. Motor Contribution Modeling 

In modeling motors two different criteria has been followed: 

Criteria #1; Motors above 600volt. 

Criteria #2: Motors at 480volts with code letters 

a) Motors above 600 volts 

Reactances and resistances values for these motors have 
been requested from the manufacturers and in only one case 




have we be^en sucessful in obtaining that data at the 
present time. This information concerns the four 2500 HP 
synchronous, 1200 SRPM, 4l6Ov-3;0' motors installed in the 
launching Complex Utility Annex manufactured by Electric Mach- 
inery Co. Sequence impedances are as follows: 


Positive Sequence: 
negative Sequence: 
Zero Sequence: 
Voltage source* 


0 + j .7253885 per unit 
0 + j .777201 " 

0 + j .5181345 
1.0 h j .0 


Due to the ground connection shown for all motors 
in Motor Control Centers A & B, we have ai summed a Y 
grounded connection for these motors and therefore an 
entry exists for the zero sequence impedances for all 
motors in the Utility Annex, - If any of the referenced 
motors have either a Delta or WYE non-grounded connection 
the zero sequence entry shall be replaced by '’Infinite”, 

C See value assigned to ’’infinite” in the computer program ). 


All other motors not installed in the Utility Annex 
have been considered as being Delta connected consequently 
having an ’’Infinite" zero sequence impedance. Due to 
the lack of accurate information, the present model 
for the induction motors has been implemented accordingly 
to the locked rotor code or locked rotor current 
if known. 

Example #1 

Industrial Area GIF chillers #1, #2, & #3, 68f5 BHP- 
2300v-l49 FLA-730LRA - 3600RPM- Trane Locked Rotor Reactance 
= 1.8212 ohms = 230Qv 

730p 

Transformer: 13200 A 2400 4 F = 30,250 

Motor Impedance per unit: 1.8212 x 30.250 = 2.89284 

19.044 

Motor Impedance: 

Positive and Negative Seq: 0 + j 2,89284 

Zero sequence: Infinite 

Voltage source: ,9149338 


Example #2 

Launching complex substation # 924: 

2500HP ,4160v - 297 FLA- locked rotor code G 
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As summed connection: non-grounded WYE 

locked rotor code: G 

5.6 to 6.29 KYA/HP 

As summed KVA/ HP = 6,0 

KVA locked rotor = 15000 

locked rotor current = 2084 amps 

locked rotor reactance = 1.1538 ohms 

transformer; 13800 ^ 4160 Y 

factor: 11,00453 

per unit reactance: 1,1538 x 11 , 00453 = .66672 

19.044 


Motor Impedance: 

Positive and Negative sequence: 
Zero sequence: 

Voltage source: 


0 + j ,66672 

Infinite 

1.0 


Example #3 

Launching Complex Utility Annex motor control centers A 
& E 

450HP - 4160 V - 63.5 FLA-locked rotor code; C 

Assureraed connection: grounded WYE 

locked rotor code C: 3 = 55 to 3».99 KVA/HP 

Assummed KVA/HP = 3,75 

KVA locked rotor = 1687’ .5 

locked rotor current = 234.47 Amps 

locked rotor reactance = 10.2556 ohms 

transformer: 1380UA 4160 Y 

factor: 11,00453 

per unit reactance: 10.2556 x 11,00453 = 5.9262 

19.044 


0 + j 5,9262 
0 + j 6.3495 
0 + j 4,2330 
1.0 


Motor Impedance: 

Positive sequence: 
Negative sequence: 
Zero sequence: 
Voltage source; 


Example # 4 

Launching Complex Utility Annex Motor Control Centers A 
350HP. 416 Ov- synch ronous-39 PLA- 327 RPM-2f?0 KVA 
Assummed per unit impedances hase on tmit KVA rating 

Positive sequence: .01 t j ,26 

Negative sequence: .015 + j .2785 

Zero sequence: -01 + j .18 

Impedances refered to our hase; lOMVA 
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Transfer factor; 10/, 28 = 35,714285 
Positive sequence; ,35714285 + j 9.285714 
Negative sequence: .5357142 + j 9,9464297 

Zero sequence; ,35714285 4- j 6,428571 

Voltage source: 1.0 

or in ohmic values 

Z positive ^ ( ,01 + j .26 ) ( 4,16 )*/ ,28 ohms 
Z negative - ( .015 + j .2785 ) ( 4.16 ) ^/ .28 ohms 

Z zero = ( .01 + j .18 ) ( 4.16 ) ,28 ohms 

Transfering impedances to 13.8 system 
Z positive = (.01 '+5 .26 ) ( 13,8 )2/ ,28 ohms 
Z negative = ( .015 -f j .2785 ) ( 13,8 )^/ ,28 ohms 

Z aero = ( .01 -f j .18 ) ( 13.8 )^/ .28 ohms 

Expressing in per unit values Z base = ( 13.8 )^ / 10 
Z positive = ( .01 + j .26 ) ( 10/ .28 ) 

Z negative = ( .,015 4- j .2785 ) ( 10/ .28 ) 

Z aero = ( .01 + j .18 ) ( 10/ .28 ) 

Motor Impedance 

Positive sequence: ,35714285 4- j 9,285714 

Negative sequence: .5357142 4- j 9,9464297 

Zero sequence: .35714285 4- j 6.428571 

Voltage source: 1,0 


Example #5 

Launching Complex Utility Annex Motor Control Center B 

550HP - 4160V-74 FLA- locked rotor code; B 

Asstmimed connection: grounded KyE 

locked rotor code B ; 3,15 to 3,54 KVA/HP 

As summed KVA/HP = 3.34 

KVA locked rotor: 1837 

locked rotor current = 255.25 Amps 

looked rotor reactance = 9,4206 ohms 

transformer; 13,8 A 4.16 Y KV 

factor: 11.00453 

per unit reactance = 9.4206 x 11.00453 = 5.44365 

19.044 


Motor Xn^edance 

Positive sequence: 0 4- j 5,44365 
Negative sequence: 0 4- j 5,83248 
Zero sequence: 0 + j 3,88832 
Voltage source: 1,0 
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Example #6 

Launching Complex Substation #924 and 7#1021 

200 EP**416ov - 24.1 ILA locked rotor code: H 

As summed connection: non- grounded WYE 

locked rotor code H: 6,3 to 7.09 KVA/HP 

Assummed KVA/HP =6,69 

KVA locked rotor; 1338 

locked rotor current = 185.92 Amps 

locked rotor reactance = 12,9336 ohms 

transformer: 13.8 A 4.16 Y KV 

factor: 11.00453 

per unit reactance: 12.9336 x 11,00453 = 7.47388 

19.044 


Motor Impedance 

Positive and negative sequence: 0 + j 7.47388 

Zero sequence; Infinite 

Voltage source 1.0 

Example #7 

La-unching Complex Substation #924 
300HP-4l6ov - 36.5 FLA-locked rotor code: G 
Assummed connection: non-grotmded WYE 

locked rotor code G: 5,6 - 6.29 KVA/HP 

Assummed KVA/HP = 5.94 
KVA lacked rotor = 1782 
locked rotor current = 247.61 Amos 
locked rotor reactance = 9,7113 ohms 
transformer: 13.8 A 4,16 Y KV Factor: 

per unit reactance: 5.611651 

Motor Impedance 

Positive and negative sequence : 

Zero sequence: 

Voltage source; 


11.00453 


0 + j 5.611651 

Infinite 

1,0 


Example #8 

Launching Complex Substation #927 

1000 HP - 4l60v -120 FLA-locked rotor code: D ( 4,0 to 
4,49 KVA/HP) 

Assummed connection; non-grounded WYE 
Assummed KVA/ HP = 4.25 
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KVA loclced rotor = 4250 

locked rotor current = 590,54 Amps 

locked rotor reactance = 4.071b olims 

transformer; 13,8 A 4.16 Y KV 

factor: 11.00453 

per unit reactance = 2,36165 

Jfotor Impedance 

Positive and negative sequence: 0 + j 2.36165 

Zero sequence: Infinite 

Voltage source: 1.0 

Example #9 

Launching Complex Substation #927 

500 HP~4l60v-61 FLA-3-ocked rotor code D ( 4,0 to 4,49 
KVA/ HP ) 

Assummed connection: non grounded WYE 

As summed KVA/HP - 4,25 

KVA locked rotor - 2125 

locked rotor current - 295,27 Amps 

locked rotor reactance = 8.1438 ohms 

transformer: 13.8 A 4.16Y KV 

factor; 11.00453 

per unit reactance: 4,7233 

Motor Impedance 

Positive and negative sequence; 0 + j 4.7233 
Zero sequence: Infinite 

Voltage source; i.O 


Example #10 

Launching Complex Substation #1020 

1000HP-4l60v“120 FLA-locked rotor code: E ( 4,5 to 4.99 
KVA/HP ) 

Assummed connection: non grounded WYE 

Assummed KVA/HP: 4.75 

KVA locked rotor : 4750 

locked rotor current = 660.016 Amps 

factor: 11.00453 transformer: 13,8 A 4,16 Y KV 

locked rotor reactance: 3,6432 

per unit reactance; 2.105214 

Motor Impedance 

Positive and negative sequence: 0 + j 2,105214 

Zero sequence; Infinite 

Voltage source; 1,0 
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Example #11 

Launching Complex Substation # 1020 

400Hp - 4160v - 49,2 FLA-locked rotor code: F ( 5,0 to 

5.59 KVA/HP) 

Assummed connection: non-grounded WYE 

Assummed KVA/HP ^5.29 
locked rotor KVA = 2116 
locked rotor current = 294,02 Amps 
locked rotor reactance = 8.1784 ohms 
factor: 11.00453 transformer: 13,8 

per unit reactance: 4,725868 

Motor Impedance 

Positive and negative sequence: 

Zero sequence: 

Voltage source: 


A 4,16 Y KV 


0 + j 4.725868 
Infinite 
1,0 


Example # 12 

Industrial Area Substation OA. Building M7-355 
7OOHp-23O0v - 207 FLA-locked rotor current = 785 Amps 
— locked rotor reactance: 1,6936 ohms . .2 

per unit reactance = 2,69015 = 1,6936 x f 13, 2 j x 1 

^ 2,4 ^ 19.044 


Motor Impedance 

Positive and negative sequence = 0 + j 2,69015 
Zero sequenr, e: Infinite 

Voltage source: ,914338 


Example # 13 

Industrial Area Substation B and C, building M7-355 
700Hp-2300v - 171 FLA - locked rotor current= 785 Amps 
locked rotor reactance: 1.6936 ohms Factor 30.250 

per tinxt reactance = 2,69015 = 1,6936 x 30.250 

19,044 


Motor Impedance 

Positive and negative sequence =; 0 -t j 2,69015 
Zero sequence: Infinite 

Voltage source: ,9149338 


I 
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This concludes the sequence impedance determination for all motors 
above 600 volts. We have included our assumptions so that if conditions change 
adjustments can be made. If we finally receive more accurate information 
concerning these motors it will be sent to your attention. 

Concerning the synchronous motors we have always chosen subtransient re- 
actances so that motor contribution during short-circuit conditions will be 
maximum possible, althougn in less than 8 Hertz the motors contribution will 
be based on the transient reactance due to the exponential decay. If the tocal 
armature current during the first cycle is desired, the sequence impedances 
must be divided by \f3 as by the folloxd.ng formula': 


^rms ( max ) = ^dc^ + ^ac^ j ^ 

■[(^ )‘] •( f-)“ 

^ P I 

X »' 


where 

V = rated line to neutral voltage 
X " “ subtransient reactance 

Due to the fast decay of this total armature 1st cycle current, its 
use is limited to interrupting capacities of circuit breakers, 

b) Motors below 600 volts 

All of these motors have been considered Delta connected and 
consequently it has an infinite entry for the zero sequence 
impedance. 

Calculations have been based on the maximum range of the locked 
rotor code of the machine, as for example a motor having a code 
letter G that ranges from 5.6 to 6,29 KVA/HP was considered as 
having a factor of 6,29 for calcuiati- its locked motor 
current and reactance. As these motors are usually several feet 
away from the switchgear, their effect over the short-circuit 
current of the main busses are less critical than with the 
high voltage motors where its effect can be as high as 70% 
of the available feeder capacity. 


C . Trans formers 
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Transformers are connected Delta-Wye solidly grounded except in a 
few cases (listed below) where either Delta-Delta or Wye-Wye (solidly 
grounded both sides) connections have been considered. In the Utility 
Annex Substation #829, the 4160 Wye connection is grounded thru a 
resistor of 1.62 ohms. 


Transformers in the Launching Complex have prima u'y nominal voltages 
of 13,8 Kv, consequently they have been considered set in the 13.8 Kv 
(100%) tap. 


Transformers in the Industrial Area have primary nominal voltages 
of 13,2 Kv (100% tap), 13.2Y7.62 Kv, 13.8 Kv and 24.94Y14.4 Kv. In these 
cases where the operational voltage of 13,2 Kv differs from the trans- 
former nominal voltage, transformers have been considered to be set in 
the nearest available tap to the 13.2 Kv level. 

Transformers connected to VAB Feeder #609 (operational voltage 13,3 Kv), 
or to Feeder #211 (operational voltage 13.2 Kv) through .3 x 167 KVA 
13.2/13»8 Kv voltage regulators have been considered set at the tap nearest 
to the 13.8 Kv level. 


General : 


Per unit sequence impedances have been computed accordingly to the 
following formula. 


Z = Z% X lO"^ X 
pu 


MVA base . Kv unit . 2 
MVA unit ^ '"Kv base"^ 


Then 


A, Delta-Wye solidly grounded connection: positive-negative sequence! 
0 + Zp^ , Zero sequence: infinite at primary, 0 + j at secondary 

This has been computed as follows; 

Consider that the primary terminal of a transformer is coded as bus 
151 and the secondary terminal as bus 152, then two entries exist 

Bus Code Positive-Kegatiye Sequence Zero Sequence 

151-152 0 + j Z Infinite 

Ground 152 Infinite 0 -P j Z 

•' pu 


B. Wye-Wye connection (solidly grounded both sides) 
Positive-Negative & Zero Sequence: 0 + j 

G. Delta-Delta connection 
Positive-Negative Sequence; 0 + j 


Zero Sequence; 


Infinite 
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Exceptions 

Launching Complex Substation #829 Bus Code: 98-100, 99-304 
7500 KVA Transformer - 13.3 A 4.16Y Kv 3.7% impedance grounded thru a 
resistor of 1.62 ohms 


Z 

pu 


5,7% 


10 MVA 
^ 7.5 IWA ^ 


.13,8.2 



= .076 

Grounding Connection ; 3 zero sequence secondary currents flowing 
thru the resistor 

Z equivalent = 3 x 1.62 ohms 

=s 4.86 ohms at the 4.16 Ev side 

Impedance referred to the primary side 

Z =4.86 ohms x (-^ 7 ^)^ 

p 4.iO 

= 53.482 ohms 


In per unit base 


53.482 
pu ” 19. 044 

Then 


2,80834 


Positive-Negative Sequence = 0 + j , 076 
Zero Sequence = 2.80834 + j.076 

Industrial Area 


Orsino Substation - 13.2 Kv output voltage 
Main power transformers Bus Codes: 4-8, 4-9, 4-11 
10 MVA - 115 KvAl3,2YKv solidly grounded - 8.0% 


^ , -2 10 ^ 
Z =8x10 xqT; x(' 
pu 10 

Z = .0731947 
pu 

As this is the system source 


13.2 2 
13 , 8 ^ 

, it follows that: 


Positive-Negati ve-Zero Sequence = 0 + j, 0731947 

2.5 MVA - 115 KvA13«2YS;v solidly grounded - 7.83% 

„ ^ oa in-2 10 .13.2.2 

Z = 7.83 X 10 X "T-c X 
pu 2.0 io.o 

Z =3.2865573 
pu 
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Poaitive-Negative-Zero Sequence = 0 + j. 2865573 

Consequently the impedance contribution by Florida Power Co. will be 
entered as ; 

Positive-Negative Sequence: ,001189413 + j. 0057457842 
Zero Sequence: Infinite 

Delta-Delta Connection: 

Haulover canal (E4-2414) - 3 x 25KVA - 10 - 24. 94Y14.4/480-240 
considered tap 95% - or new nominal voltage of 1368Kv, %Z =2.0 
Bus code 127-128 

Turns ratio; = 28.5 

Also, in this case a Y-Y connection is also possible giving a 480Y277v out- 
put for 1368v primary feeder voltage 



= 2.0 X 10“^ 


10 

^.075 


X 


(> 13.68 .2 

43.8 


= 2.6204 


Positive-Negative Sequence = 0 + j 2, 6204 
Delta-Delta Zero Sequence = Infinite 
Wye -Wye Zero Sequence = 0 + j 2,6204 

Delta-Delta Connection; 

Universal Camera Pad #11 (G5-1011) Bus Code 121-122 
3 - 15KVA - 10 - 13800/480V - 1.7%Z 


Z =1.7xl0^x 
pu 

= 3.77778 


10 

.045 


Positive-Negative Sequence: 0 + j3. 77778 
Zero Sequence; Infinite 

Delta-Delta Connection: 


54WTI (L7-988) 
3-37 1/2 KVA 


Z = 1.6 X 10 
^pu 

= 1,3012391 


Bus Code 220-221 
- 10 - 13200/480V - 1.6%Z 

10 . 13,2 ,2 

^ .1125 ^ 43.8^ 


Positive-Negative Sequence: 0 + jl. -'012391 
Zero Sequence; Infinite 


ilk) 


Wye-Wye Connection: 

NASA TI-7A Tours Maintenance Building Code: 91-90 
3-25 KVA - 10 - 7620/13200Y 120/240v - 2.3% 


Z 

pu 


„ „ , 0-2 10 - 13 . 2.2 

= 2.3 X 10 X X (^) 

= 2.8057969 


Positive-Kegative-Zero Sequence: 0 + ^2. 8057969 
Wye-Wye Connection: 

Indian River Draw Bridge (M3-3) Bus code: 86-87 
3-37 1/2 KVA - 10 - 7620/13200Y277/480Y - 1.5% 


Z 

pu 


, . ia-2 10 43.2 .2 

- 1.5 X 10 X ^ ^13.8^ 

1.219911 


Single Phase Transformers 

Single phase transformers have been represented as having a positive 
sequence impedance given by the general formula : 


Z 

pu 


= Z% X 10 


MVA base 
^ MVA unit 


X C 


Kv unit . 2 
Kv base' 


The short circuit current at a single phase transformer is represented 
by a line-ground fault through the transformer positive sequence impedance. 
Although the 3 0 symmetrical short circuit program will have a value of 
short circuit current for every bus, results given by this program shall 
be disregarded concerning faults of single phase transformers and their 
corresponding secondary circuits. The short circuit current value for a 
single phase transformer and its associated secondary circuits is given by 
the single line to ground short circuit program only. 


Example : 

1-25 KVA - 10 Transformer 13.2 Kv - 2.5%Z 


Z 

pu 


O ^ in-2 10 43,2 .2 

2.5 X -0 X q25 ^ ^13.8 ^ 

j9449 


Example : 

1-50 KVA - 10 Transformer 13.2 Kv 

1 ,4% Z connected to VAB Feeder #609 

(13.8 Kv operational voltage) phase C to phase A 


(15) 


Consider transformer connected to tap 15.68Y7«9 Ktt 


Z = 1 .Jj- X 10”^ X ^ X 
pu .05 



= J2.75i1i. 
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2 . Posit ive-l^ega’fai'ye Sequence Impedances of Power Cables 

In calculating the positive -negative and zero sequence impedances of 
5/4 power cables, we have distinguished 5 different types of installations 
as follows: 

A. Cables in fiber ducts or directly bm*ied on earth. 

B . Aerial cables . 

C. Cables in steel conduits. 

For each particular installation we will also distinguish cable 
construction as follows: 

a . Copper or aluminum conductors . 

b. Oil-in^iregnated paper, rubber or cross -Ithfced polyethylene insulation 
(153?4 considered on all cables above lECV). 

c. Yielded, belted, or non-shielded (shielded cables considered for 
all cables above 5KV on PIGUJ cables and above IKV for all BRNJ and 
XEiP cables) . 

d. Lead or aluminum sheath, or non-sheathed cables. 

e. 1 or 5 conductor cables. 

f . Single, double armored or non-armored cables. 

g. Utilization voltages. 

A. Impedance Formulas - General 
a) Besistaace : 

In general resistance calculations can be defined from the following 
formula : 

®a.=«dc - S - 1) + Vi * * '"aJ 

where 

E = ac resistance of conductor in ohms/mile 
ac ' 

= dc resistance of conductor in ohms/mile 
= temperature correction factor 
= 1 + h At 


and 

h = .00595 for 100^ copper at 20“^ C (6Gf’F) 
= .00^4-05 for 6l^ aluminum at 20*’ C 


(it) 


and Kg = spacing correcbion factors 

= Kg = 1.0 for 5 conductor cables 

= Kg - 2.0 for close -triangle 1 conductor cables 

- 1.7, = 2.0 for wide -triangle 1 conductor cables 

K = skin effect ratio as tabulated 
s 

K = proximity effect 
P 


= u (ma) 


- 1 


2 / \ t ^ 

1 - ^ 04 Cass') + & . b Cxnaj/s 


s 


1 - ag 

s 


where 


a = radius of conductor 
f, = spacing of conductors 

ma = .0656 (f/R^^)^/^ 


for f = frequency in hertz 


R = dc resistance in ohms/mile 


dc 

u (ns) s= 1 + ^ 
for c = Ug (ma) 


5c 

B" 


8 


s 

^ (ma) - bessel function of 1st kind 
b (ma) = bessel function of 1st kind 

sheath effect ratio • 


^ O 

= 5.06 X 10~ (f n) 


where 


n = radius of a circle through the center of conductors 
m - mean radius of sheath 

^dc ” resistance of conductor in ohms/mile 

= sheath resistance in ohras/mlle 

K = armor effect ratio 
a 

= (approximate for 5 conductor cables -not used with 
cable due to magnetic induction effects 


conductor 
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= pipe effect ratio 
= (. 89 D - -USp ) X 5.28 X 10"^ 

dc 

whei'e 

S * core diameter of cable in inches 
P = pipe mean diaaneter 

= dc resistance of conductor in ohms/mile 

b) Reactance 


The inductive reactance of cables is a function of cable arrangement ^ 
existance of sheath and typ® oi* materialjand whether or not they are instilled 
in a magnetic duct. As there is not a general expression that could include 
all variations possible, we will delay reactance considerations to be analized 
under each particular configuration and type of installation. 

The shunt capacitive reactance of cables can be divided into two main 
categories : 

A. Shi:.lded cables 

B. Belted sheathed cables 


Shielded cables ; 

For shielded cables, the shunt capacitive reactance can be expressed 
by the formula: 


51 = = -j 4 .12257 log'V megohms - mile 

f - e a 


where 


f = fre( 3 uency in hertz 
e = dielectric constant 

- 5*7 fo^* cables (varies from 5*3 to 4.2) 

- 5-5 fcu^ BRifJ cables (varies from 2*5 to 6 . 0 ) 
= 2,5 for XLP cables 

V = mean radius of shield 
a = radius of conductor 

= positive sequence shunt capacitive reactance 

X^ = zero secguence shunt capacitive reactance 
Belted cables; 


= -j . ^97 G- megohms - mile 
f . e 


= -0 


megohms - mile 
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where 

= geometric factor for positive sequence 
= geometric factor for zero sequence 

G^ and G are given hy curves as a function of the ratio 


where 

T = thiclmess of conductor insulation 
t = thiclmess of belt insulation 
a = radius of conductor 

Curves for geometric factors can he found on page 69 of "lEransmission 
and Distribution Eeference Book” and incorporate changes thou^t to represent 
today’s dielectric constants of BEITJ and 31»P cables. 

B. Impedances of 

Gables in Fiber Ducts or Directly Buried in Earth 
a) Resistance ; 

* % - 1) * V 

a.l. 3 conductor cables 

R = R - . K, (K 4- K + K. + K ) 

ac dc t s p X a^ 

PILCglJ Gables ; Resistance for these cables have been taken from tabulated 
values of ’’Transmission and Distribution Reference Book” appendix tables 
and /6. 

BHFfJ Cables: Resistance for these cables have also been taken from 

tabulated values of “Transmission and Distribution Reference Book” appendix 

#9. 

XLP Cables : Resistance for these cables have also been taken from 

tabulated values of “Transmission and Distribution Reference Book” appendix 


PILCA Double Armor: Resistance values for this cable have been confuted 

as follows: 

Cable; 3 c - 7^ 2/0 - Cu - 15 ICV “ PILC - Double Armor - Shielded conductor 
diameter = .323'' a = .I615’'' 

Conductor insulation = 215 mils = .215” 

Outside diameter of cable = 2.0225” 

GMR,^ 3? 2/0 = .151" 

/ 2/0 = .386” 
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Resistance for this cable -will be equal to that corresponding to one 
^ 2/0 - 5c - Cu - PILCIilJ directly buried plus the losses in the double 
erraor . 

Resistance of 5c - / 2/o PXLCBTJ - 15Kv - DB = .5I ohms/mile 
Sheath resistance = .981 ohms/mile =s E 
Sheath thickness ;= 110 mils = .110" 


Calculating sheath effect ratio: 

R^c / 2/0 “ .^282 ohms/mile at 25® G 

E, . K = 3.06 X 10"° X 3.6 X 10^ ,n\Z 
E W 

Where we assumed n approx = GMR^^, = •586" 

m - GMR^ -h insulation thickness + radius of conductor + thickness of 
5c 

sheath /2. 


m = .386" + .1615" + .213“ + .055 = .8175" 

^ " 5-08 X 5.^ . x 10 obms/mil' 

= .002303 ohms/mile 


We have originally assumed that armor losses are approximately equivalent 
to sheath losses. 

llhen for double armor R, . K 2E, K- 

dc a dc 

Rj K = .005006 ohms / mile 

dc a ^ 

And the resistance of one 3c , / 2/o - Cu - PILG - double armor 15Kv 
cable directly buried will he: 

R^^ - .515006 ohms/mile 


a-.2 . Single Conductor Cables : 

R = R X K [1 + 2(K + K - 1)] 
ac dc u s p 

Considering close -triangle arrangement, non-sheathed cables. 

BRKJ Cables: Resistance fox' these cables have been taken from tabulated 

values of "Transmission and Distribution Reference Book" appendix table 

if 9 . 
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XLP Cables; Same as BRNJ. 


RHW-USE: Resistance for these cables have been computed based on the 

National Electric Code 19T1 Edj appendix tables 8 and 9* 


Exan5)le: 

Cable: 5 single copper conductors ^ h - BSNJ - shielded 5Kv installed 

in V’ fiber duct. 

Outside diameter of cable = .67” 

Conductor radius = a = .II6” 

™lc = .0840’+" 

Insulation == 10/64" = 156 mils = .156” 

= .259 ohms/ 1000' - 1.36752 Qbms/mils 

= 1.154 for 65* C 

Kg 1.00015 

K = 6 / GMR \2 /tj- \ 

5 ( cm 5 (K^ - 1 ) 

From page 2-5 of "Underground System Reference Handbook". 


Where; 


GMD 

GMD 

Where: 


geometric mean distance 

S, « 


= (S 


s’’ 


Sgj are the respective spacing of the 3 conductors' centers 
from each other. 

Generally = ^2 ” t>'*ifcside diameter. 

S_ depends on the ratio between the duet and conductor diameter. 

5 " 

in this case we have graphically found = I.6I S^. 

GMD = .67" (1.61)^/^ 

= .78591" 


= 6 X 0.00013 ^^)2 ^ ,000010062 

R = 1.36732 X 1.154 [1 2 ( 1.00015 + . 000010062 )] 

s«c 

Rg_^ = 1.579^S ohms/mile at 65 ® C 


b). . Reactaace 


Reactance of 5 condtictor or sin^e conductor, non- sheathed cables in 
non-nsagnetic conduit or directly buried is given by the formula: 



K log ^ 


c 


Where K is the random spacing factor: 

K - 1.0 for 3 conductor cables 
K = 1.2 for 1 conductor cables 

Ror sheathed cables, a reduction in reactance is produced by the induced 
currents in the shield and sheath structures. 

For sheathed cables, this decrement in reactance can he approximated 
by the formula: 

\= = 

and 

2 

X X 

^ ' iT72 

Where 


X = apparent reactance 
ac 

X^ = .2T91J- log • 

Where 

d = ^ore diameter t sheath thickness )/2 

g = core diameter - insulation thickness - radius of conductor 
2 

Due to the resistance of lead sheaths, the decrement of reactance due 
to the induced sheath currents is very small approximately of the order 
of 1 to 

b ,1 . 3 Conductor Cables ; 

PILCHJ Cables: Reactance values for these cables were taken from 

tabulated values of ’’Transmission and Distribution Reference Book" 
appendix tab.'.es ^ 3 an<i / 6. 

XLP and BRHJ Cables; Reactance values for these cables were cosirputed 
accordingly to the above given formula. 
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Exartrple; 

5c - CR - Cu - / l/o - BRSIJ 15 Kv shielded in non-magnetic duct 
on directly burled in earth 

Conductor diameter = -573” 

Conductor radius = .187" 

Insulation thickness = .297” = 19/64’* (assumed insulation to be equal 
to 1 conductor cable at 155^) 

GMR^^ = .14HT 

GMD = S, = S._ = S, 

-L 5 

= .187” 2(.297") -i- .006” (shield) + .OO5125" 

= 1.004” 

= .2794 log 1.004 
.14117 

= .258046 ohms/mile 

PHiCA - double armor : Reactance values for this cable have been eonrouted 

as follows: 

Cable : 5c - 5^ 2/0 - Cu - CS ~ 15Kv - PUG - double armor - shielded 

Conductor radius = a = ,1615” 

Insulation = 215 mils = .215” 

Reactance without armor = .188 ohms/mile 

Reactance with armox’ = 1.2 x ,l88 , 

= .2256 ohms/mile 

Where 1.2 is a correction factor for magnetic binders on 5 conductor cables 
by IPCEA Standard j Augi:^t 4, 1955* 


b. 2 .Single Conductor Cables 

rjMD 

= .2794 X 1.2 log 

XLP and BRRJ: Reactances for these cables have been computed using the 
above given formula and graphlca3.1y detesrmination of conductor spacing 
inside duct. 

RHW-USE: Reactances for these cables have been ecmputed using the above 

given formula and graphically determination of conductor spacing inside 
duct . 
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Example : 

Cable: 5 single copper conductors 5^ 4 - CE - BESTJ - ah' Med - 

SKV - installed in 4" fiber duct. 

Outside diameter of cable = .67” 
insulation = 10/6if“ - .15 6*' 
c3®, = .oaitov* 

Ic 

©4D = .78591" (see resistance - single conductor cables in fiber ducts 
or directly buried in earth) 

= *3257 ohms/mile 
Example: 

Cable: 3 single copper conductors 350 MCM - CR - XLP - I5 Kv - 

shielded - installed in 4" fiber duct. 

Outside diameter = 1.45" 

Diameter of conductor = .681" a = .3405" 

Insulation = .215 " (l55^) 

Jacket = .08" 

= .26145" 

= (S. S. (S ,615))^/^ = S (1.61)^/^ := 1.1735 
Where S - outside diameter 

©© = 1.723" 


= -275!^ X i.a log 

= .275 ohms/mile 

Impedances of 
0 . Aerial Cables: 

a. Eeslstance 

Resistance calculations have been based on the general oresistance 
formula 

\o = tl (K K^Kj^ + + K^J 

Where K has been deleted for cables suspended on a messenger, 
c 


a 1.3 Conductor Cables; 


R = Kq • K, (K + K + Kn) Ror non-annored cables 

S«C CLO *u S ^ 

PIAC Cables: Resistance values have been conrputed using tite above 

formula as follows: 

Example; 

Cable: 3 conductor copper 5/^^ 4/o - CS - l^Ev PIAC (aluminum sheath) 

shielded - suspended on messenger 

Core diameter = I.9IT" 

Conductoi’ diameter = .4l” a = .203” 

Conductor insulation = .213*' (l35^) • 

GMR^^ = .191" 

= .llil.6" 

R^^ = ,26875 ohms/mile at 25” C 

R^^ = .31 ohiDs/mile at 63” C 

K + K = 1.003J]- + .001059 = l.OOMi-6 
^ P “6 

Aluminum resistance = 2.6548 ohm . CM x lO” 

-6 

Lead resistance = 22 ohm . CM x 10~ 

Thicloiess of sheath = II5 mils = .115*' 

Aluminum resistance ss ,12067272 Lead resistance 

We have assumed (no exact data available) that lead sheath thickness 
trill he equivalent to aluminum sheath thickness. 

Resistance of tiie lead sheath of one 3e - Cu- / 4/o - CS ~ PILCWJ - 15Kv* 
= R^ = ,855 ohms/mile 

Resistance of an equivalent thickness aluminvim sheath = R = .855 x 

,12067272 . 


7 = GMR^ = .446” 

3c 

m = GMR^^ insulation thickness t radius of conductor + thickness of 
sheath /2 

m = .446” + .213" + .203” + .0375" 

= .9253'' 


■R K - 3.06 X 3.6 X 10~^ 
dc ^ " .12067272 X .835 

= .023 ohms/mile 


. ,446 \2 


ohms/mile 
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R = R, (K + K ) + R, K, ohms/:nile 

otC CLC S ]P CLC 

= .51 (l,OOiA6) + .025 olinis/iiiile 

= .5353 ohms/mile 


There 

Resistance at 6^0 of 3 conductor - copper - CS - / Vo 
PIAC ~ ISKV - shielded in 4“ fiber duct or directly buried in 
earth = .3353 ohms/mile 


a. 2. Single Conductor Gables; 

R R , . K. [1 + 2(K + K -1) + 2K 

ac dc t ' s P sh"* 

XLiP Cables: Resistance values for these cables have been cos^juted 

as follows: 


Example : 

Cable: 3 single conductors - copper - 530 MCM - XLP I5 Kv - 

shielded - suspended on messenger. 

Core diameter = 1.193” 

Outside diameter = 1,45” 

Conductor diameter = .68I” a = .3405" 

R^^ = .162624 ohms/mile at 25® C 

= .187668 ohms/mile at 65^ C 
GMR^^ = .26145" 

K = 1.009 

s 

GMD - 1.175 X 1.45" = 1.725" 

Kp = 6 (1.009 - 1) 

K = .00124 
P 

a.^. Shield Resistance factor 







Resistance losses due to induced currents in the shielding assembly ppi.n 
be expressed similarly as sheath losses by the fonmiLa 

^dc ‘ '^sh “ 555/Bg microhms/ft 


Ttoere K , =: resistance increment factor due to shield currents 
sh 

Rg = shield resistance in microhms/ft 

We have considered shielding to be composed of helically wound copper 
wires for which the resistance can be expressed as 


R = 963I' 45 microhms per ft. at 25*" C 

s 
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Where D = Core diameter 
There 

B = 1150.79 + ^5 microfcms/ft at 25' C 
s 

= 1380 microhms/ft at 65® C 

%c • ^sh 555A380 microhms/rb 

= .402 micrdhins/f t 
= .002123 ohms/mile 

H - .187668 (1 + 2 (1.009 + .0012it - 1)] + .0042if6 otms/mile 
= .195763 ohms/mile 

Resistance of 3 single copper conductors 350 MCM - XLP I5K7 - shielded - 
sxispended on a messenger = .I96 ohms/mile at 65^ C. 


h . Reactance 

~b.i. 3 conductor PIAC cables: Reactance values for these cables have 

been computed according to the formila 




(MD 


ohms/mile 


Where ^ 

X ]r 

K, = 1 - ^ 

^ %+ -- 

3f‘ B 


'X^ 


V 


X^ = .279^ log — ohms/mile 
d = (core diameter + sheath thiclmess) /2 

g = (core diameter) /2 - insulation thiclmess - radius of conductor 


Example; 

Cable: 3 conductor copper ^ 4/o - CS - PIAC 15K7 (aluminum sheath) 

shielded - suspended on messenger 


Core diameter = I.917” 

Conductor diameter = .417” a = .205” 

Insulation = .213" (l33?&) 

= .191" 

Aluminum sheath = .II5” 

Resistance of aluminum sheath = .IO32 ohms/mile 
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GMD = conductor diameter + 2 (insulation) + shielding + spacing factor 

= ,JflT” + 2(.215”) + .006" .03025" 

om = .9" 


d - 


g = 


X = 
s 


(I.9IT" + .115") /2 
1 .016” 

- .213" - .203" 

.538” 

.2794 log dhms/mile 

.07711 dbrns/jidle 


But for compact sector (CS) conductors, reactance has a deerement 
fact. by IPCEA. Standard, August 1933 j of ,975 for 250 MCSM and smaller 
cables . 


And 


1 

(.1032)^ + (.0751)^ 


= .162 dfams/mile 

Reactance of one 5 conductor copper - OS - / 4/o - PIAC 15Kv - shielded 
cable suspended on messenger = .162 ohms/mile 

Hie behaTior of induced currents in the lead sheath of one 3c 1 - PILCNJ 
15KV has been computed using the above method and results are as follows: 

Rj^= .900 ohms/mile 

= .9964 

= .2288 ohms/mile 
X = .228 dhins/mile 

SLC 



K, = .862 

d 

X = .862 X .1881 


.975 X .07711 ohms/mile 
.0751 ohms/mile 


= .2794 log ohms/mile 


GMR 


Ic 


= .2794 log ohms/mile 

- .1S81 ohms/mile 
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b.2. XLP Single Conductor Cables; Reactance values for these cables 
have been confuted using the general formuJ^ 

= ,2794 log ^ dhms/mile 
Ic 

1/^ 

Where GMD = (I.05) x outside diameter 

Considering that the spacing of the helically twisted conductors is 
not exactly synmetrical, 

Ca 3 ,culations done for XLP ~ l^Kv - shielded cables have resulted in 
values very close to published data in "Distribution Systems" appendix 
table 8 by Westin^ouse Electric Can5)aiiy^ consequently the positive 
sequence impedance for these cables have been taken from such publication. 

Example: 

Cable: 5 single conductors copper ^ 4 /o, XEP l^Kv - shielded - 

suspended on messenger - 

Outside diameter - I.52” 

= .19989'* 

CMD = 1,02 X 1.52“ 

= 1 , 5464 " 

= .2794 log ohms/mile 

= .2515825 ohms/mile 


Reactance of 5 ~ Ic - / 4 /o - XLP l^Kv suspended in messenger = .25I5825 
ohms/mile 

d) Cables in Steel Cooduit ; 
a . Resistance ; 

[1 + IS. 

Where 

= Kg - 1.0 for 5 conductor cables 

= 2.0 for 1 conductor cables in close triangular configuration 
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a.l. 3 Conductor Caliles 

PIAG and PILGJSfJ Cables: Resistance values for these cables have 

been coamuted adding the steel conduit contribution to the tabulated 
resistance for cables la fiber ducts or directly buried in earth. 

Exaurple: 

Cable : 5 cmduetor copper - CS - 4/o - PUjCM J 15Kv - shielded 

in 4" steel conduit. 

Core diameter = 1.955” =1^ _-z 

%c ‘ '^c ” ^ ^ ^ lO"-^ ohms/tnile 

= (.89 X 1.953 - -llS X 4.0) X 5.28 X 10”^ ohms/mile 

= .00673 ohms/juile 

Resistance of cable in fiber duct = .326 ohms/mile 
Resistance of cable in steel conduit = .352 ohms/mile 

The following fortnula will also give approximate values of the steel 
pipe resistance contribution. 

^dc ' '^c " ('^^r + .183?) ^ 10" ahms/mile 

Where r = outside radius of sheath 


Example; 

Cable: 3 conductor copper 500 MCM - CS - PILdSTJ I5KV ■- shielded 

in. 4“ steel conduit. 

Gore diameter = 2.426 
Sheath thickness - .I30" 

Insulation thickness = ,215“ 

r = I (2.426") 4- .130" 

= 1 . 543 " 

^dc ' ^ 1,5^5 + -185 X 4 ) X 10”^ ohms/mile 

= .01223 ohms/mile 

Using the first formula 


%c ‘ ^c “ ^ 2.426 - .115 X 4) X 5.28 X 10"^ ohms/mile 

= ,00897 ohms/mile 
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Resistance of cable in fiber duct = . dhins/mile 

Resistance of cable in steel pipe = . I5S obins/inile 


a. 2. Single Conductor- Cables; 

BRWJ and XLiP Cables: Resistance values for these cables have been 

computed adding the steel conduit contribution to the tabulated 
resistance for cables in fiber duct or directly buried in earth. 

Example: 

Cable: 5 single conductor copper 5OO MCM - BEUJ .5 Kv - shielded. 

Core diameter ~ 1.244” 

Insulation thickness = .172” 

r = I (1.244") + ,026” (shield) 

r = .648” 

^dc * “ ^*5^ .648” > .185 X 4”) X 10"^ ohms/mile 

= .010 ohms/mile 

Resistance of cables in fiber duct = ,l4l3 ohms/mile 
Resistance of cables in steel pipe = .I513 ohms/mile 


This result is comparable to the IPCEA V-C specifications that list 
AC/BC resistance ratios for cables in metallic conduit. Differences 
between restilts is of the 02xler of .00267 ohms/mile or 1,78/6 difference 
without talcing into consideration the shielding resistance contribution. 

RHVT-USE Cables: Resistance values for these cables have been computed 

using the ratio between AC/dc resistance factors as published by the 
National Electrical Code 1971 3Mile 9 calculated skin and 
proximity effect factors. 

Exan^le ; 

Cable: 5 single conductors copper 350M - RHtf-USE 6OOV in 4“ conduit. 

Outside diameter = I.03*' 

Insulation thickness = .094'* 

= .26143" 

Rjjq - .0308 ohms/1000 ft. 

(MD ^ 1.183 X 1.05" = 1.245 


= 1.22 
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K = 1.01 

K = 6 ( r"" (K - 1) 

p GMT ^ s 

= .00277 

K + K = 1.01277 
4 = 2 X .01277) 

= .0503 X 5.28 X 1.155 obms/mile 
= .19225 ohms/mile at 65^0 

Resistance of cable in fiber duct at 65** C = .19225 ob m s/ ml le 

^AC 

Fro)n flEC liable 91 5 — - I.08 for cables in magnetic duct 

Oonsiderad I.08 = 1.027 

= .0528 

Pipe contribution = .0528 x 5.26 x .0508 x 1.155 obms/mile 
= .0098 obms/mile 

Resistance of cable in steel conduit = ,20205 ohms/mile 


b) Reactance 

b.1. 5 Conductor Cables: Reactance values for these cables have been 

computed using the pipe cables formula given in "Underground 
Systems Reference Book" Edison Electrical Institute. 

X . ,055f log ^ Obms/mile 
s 

Where 

f = frequency in hertz 

= 1.5 mn 

D = F .2a 
s s 

a =i radius of conductor 

F = decrement factor of conducting area due to apparent skin effect. 

® F is obtained graphically as a function of the cooibined AC/DO 
s 

resistance ratio, 

F = f (W ) 

Where 

«s = ( 


Rg = AC/DO resistance ratio 
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PIAC and PILdTJ Cables: Reactance Tralues for tbese cables in steel 

conduit have been computed accordi n g]^ to the above formulas. 

Example; 

Cable : 5 conductor copper 350 MCM - CS - PILCNJ 15 Kv - • shielded 

in 4-” steel conduit. 

Conductor diameter = .559" a- = .2695" 

Core diameter = 2.208” 

Insulation = .215" 

Ac/DC resistance ratio = - I.08 

(MD = .539" + 2(.213“) + .006" -i- .03125’' 

= 1,00625" 

GSffi, = .24-7" 

Ic 

E =: .4- 

S 

X = .053 X 60 log ^ ohms/mile 

= .2191 ohms/mile 

Considering sheath effect reactance decrement: 

Reactance of cable in fiber duct = .l62 dbms/mile 

Sheath effect - .2794- log dbms/mile 

= .00844 Qhms/mlle 

= .2191 - .00844 ohms/mile 
= ,21066 ohms/mile 

Reactance of cable in steel condtiit = .21066 ohms/mile 


XLP and BREJ Cables; Reactance values for these cables have been 
computed according to the above formula, 

Exaii^le; 

Cable: 3 conductor copper ^ l/o - BREJ I3 Kv - shielded in 4" steel 

conduit . 

Conductor diameter - .573" 

Insulation thiclaiBss = .297" 

GMR^^ = .14117" 


a = .187" 
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(2® = .575" + 2 (.297") .006" + .05125" 

= l.OOif" 

AC/DC resistance ratio = =s 1.02 

W „ (- 1.02 - i a/2 
s “ 1.02 ^ 

= .14 
F = .594 

X = .055 X 60 log ohms/mile 

= .265 Ohms/mile 

Reactance of cable in steel conduit — .265 


b. 2. Single Conductor Cables ; Reactance values for idiese cables have 
been eoniputed based on the forniula: 

X - .2794 K log ^ 

Where K = I.5 Factor that includes the random spacing of cables 

in the duct and the magnetic effect of the steel. 


Example : 

Cable: 5 single conductors 500 MGM - BRUJ 5 Kv - shielded in 4" 

steel conduit. 

Conductor diameter = .855” a- = .4275" 

insulation thickness = ,172” 

= .51249" 

Core diameter = 1,244" 

Outside diameter = 1.47" 

©CD = ( 1 . 2 )^/^ X 1.47" 

= 1.5729" 

X^ = .2794 X 1.2 log ohms/mile 

— .2558 ohms/mile 

Reactance of cable in fiber duct =5 .256 obms/mile 

X = .2794 X 1.5 log " v^Iuq ohms/mile 
= .295 dhins/mile 

Reactance of cable in steel conduit = .295 ohms/mile 


5 . 


Positive "neKatlyg aad Zero Sequence Ifai-pedances of 
Oyer Head Lines. 


Configurations ; inhere are two different configurations; A {horizon- 
tal line spacing) and B (vertical line spacing). 

Configuration A: Lines bj and c in same horizontal 10' cross arm_, 

5*6" from ground wire at top of pole, 50 ft. above ground. Spacing 
between lines as follows; 

Spacing lines a and b = 2.0 ft. = 

Spacing line*? b and c - 5-75 ft. 

Spacing lines a and c = 7*75 ft. = D 

3iC 

Spacing lines a and g = 6,8 ft. = (4^ + ~ 

Spaci’ g lines b and g 

Spacing lines c and g 
g = ground wire 

™ab" (2 X 5.75 X 7.75)^^^ 

Configuration B: Lines a, b, and c on different horizontal planes, all 

16" from pole. Ground ^Tire at top of pole 5*6" from line a (highest 
line horizontal plane). Vertical spacing between lines a, b, and c 
approximtely 2.2525 ft. Average spacing frcsa ground app2*oxinately 50 ffc. 

■ Spacing lines a and b = 5*5 ••'t* “ 

Spacing lines b and _c = 5*5 - 

Spacing lines a and c « 4.68 ft. == D 

B<C 

Srpacing lines a and g = 5.59 ft. = (1.3^ + 5.5^)^'^^= D 

Spacing lines b and g = 7*84 ft. = (1.69^ + 7*7525^)^^^ = D. 

Dg 

Spacing lines c and g = 10 .25 ft. = (1.69^ + 10.18^)^'^^ = D 
g = ground wire 

®™abc " 5.855 ft. = (3.5 5.5 2: 4.68)^/5 

A. Positive-Kegative Sequence Impedances 
a) Resistance 


= 5.85 ft. = (2^ + 5.5^)^/^ = rt^jg 
^ 6.74 ft. = (3.9^ -t 5.5^)^^^ = 


^AC = ^ ^ ^t ^s 

VJhere R^, Bjjqj and IC^ are as defined before in the section for 
cables . 
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K " f(ina) 
s 

ma = .0656 

K is tabulated as a function of ma in Table 5 of "Transmission and 
s 

Distribution Reference Book” by Westn ngbouse and in "Uhdergroimd 
Systems Reference Book" by EEI, 

Values for R^ are available directly in any table of electrical con- 
ductor characteristics as in Tables / 1 through ^ hj CSoapter / 3 , 
“Transmission and Distribution Reference Book” and have been used in 
this stuty. 

b) Reactance 
b . 1 , Inductive 

= .279^ log ohms/mile 

= . 279 ^ log + .279li- log 1 

= -i- ohms/mile 

1 

Where = .2794 log *^^®;Lc °^^^'®s/mile 

Ofl? 

X^ = .2794 log 1 ohms/mile 

and X , X are tabulated in Tables ^ 1 to 4 and Tables 6 j Chapter 

8 » d > 

5^ 5 "Transmission and Distribution Reference Book" and have been used 
for this computation. 

The above derivation is based on symmetrically tranposed lines ^ symmetrical 
or unsymmetrical spaced conductors. If lines are not transposed and the 
conductors are unsymmetrically spaced, results are only approximate, but 
accurate enou^ for any computation. 

h . 2 . Shunt Capacitive Reactance 

= X^ = .06831 log ^ + .06831 log negdhms .mile ■ 

Where a = radius of conductor in ft. 

t t 

= megohins .mile 
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X and X, are tabulated, in Tables 1 t3 and Table / 8^ Chapter 
8. CL 

3 “Transmission and Distribution Reference Book” and have been used 
for this computation. 

Ibcan^plej 

Line: 3 conductors 2/0 HD bare ccpper, A configuration. 

Radius of conductor = ,207” 

R^ = .481 ohms/mile at 50“ ^ 

X = ,552 ohffls/mile 

■£L 

X = .1203 mego hm s .mile 

St 

GMD = 4.465 ft. 

= .1802 ohms/mi.le 

1 

X^ = .04433 megohms .mile 

X^ + = .7132 ohms/raile 

X^ = X^ = .7132 ohms/mile 

t t 

X -h X = ,164933 megohms .mile 

Si U. 

J I 

X^ = = .164933 megohms .mile 

Tdna Impedance to positiTre-negative sequence of 5 conductors / 2/0 HD 
bare copper, A configuration = .481 t j.7132 ohms/mile, - j, 164933 
megohms .mile . 

B. Zero Sequence Impedance 

Zero sequence impedance calculations are based on Carson's Funda- 
mental Formulas concerning the nature of earth return currents, 
•which are shown below. 


Z 

g 


Z 

031 


+ .00159f + 3.004657f log^^ ohms/mile 

Ic 

: .00159f + j.004657f log^Q ohms/mile 

ab 


Hhere 


Z = self- impedance of one conductor '.71 th earth return in ohms/mile 
g 

Z = mutual impedance between two conductors spaced a distance D , 
gm S-D 

ft. wi'th common earth re'fcum in ohms/mile 



= distance in feet between conductors a and b Grith. comon 
eartb. return) 


f = frequency in hertz 

p = earth resistivity in dbms per cubic meter 

= gecasstric mean radius of conductor in feet 




The quantity 2l60 (p/f ) 
the ea3rth return current in feet. 


is defined as or the equivalent depth of 


or 

D 

= r^ -j- .0954 + j. 279 lj 2 log ohms/ mile 

D 

Z s: . 095 ^ + j. 279^2 log ^ dhms/mile 
^ ab 


3 / Circuit Considerations : 


For a 3 / circuit wliii common earth return, a convenient procedure to 
analyze the system is to replace the 3 line conductors by an equivalent 
conductor with resistance equal to the 3 line conductors in parallel. 
Through this equivalent conductor will flow 3 units of ctirrent per each 
unit of current flowing throu^ the line conductors. 


These Carson's Formulas applied to a 3 / circuit are 

D 

.2862 + j.8382 log ohms/mile 

D 

Z = .2862 + j.8382 log ohms/mile 

cm tj ^ a 


Where 


Z = zero sequence self iuipedance of one 3 / circuit with earth 
return in ohms/mile 

Z =s mutual zero sequence impedance between two 3 / circuits in 
ohms/mile 

r - resistance of one line conductor of the 5 / phase system (if 
^ a.i 1 line conductors asre equal) in dhms/mile 

D = equivalent depth of the earth return current in feet, varies 
^ accordingly to the nature of the soil 

GMR = . 0®^)^/^ in feet 

<3® = equivalent spacing between the 5 conductors of one 3 ^ 
system in feet 
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~ equivalent spacing between the 6 conductors of two 
3 phase systems in feet 

= .2862 = resistance of earth return path in ohms/milej 
constant value independently of the mture of the soil 

b) Effect of Ground fflres; 

Hie presence of ground wires will provide an additional return path 
to aero sequence currents in the line and thus will affect the for- 
mulation of the aero sequence impedance of the 5 phase circuit. 

If we consider an equivalent conductor to replace the 5 h line, the 
ground wires will, besides having its asm self la^dance, have a mutual 
imped an ce with the equivalent 3 phase line conductor; its magnitude 

given by the formula where O© will he 1dae equivalent spacing of the 

3 line conductor and the ground wires. 


If only one ground wire is present, the following formulation will 
define self and mutual impedances, 

I) 

Z = 3rg + .2862 + j.8582 log ohms/mile 


Where rg = resistance of ground wire in ohms/ mile 
(MR,. - geometric mean radius of ground wire 

- D 

2^^ = .2862 t 0.8382 log ohms/mile 

GMD„ = (D .a .D in feet 

2 ' ag bg • eg' 

The zero sequence impedance of the 3 / circuit with one ground wire 
will he defined as 




Where Z , Z , Z are the self inroedance of the 3 h circuit, the 
ui og om ^ r 3 

ground wire and the mutual impedance of the line and the ground wire 

respectively. 


Z^ = zero sequence impedance of one 3 / circuit with one ground wire 
Example: 

Line; 3 conductors / 4 HD bare copper, A configuration with one 
ground wire considered to be equal to the phase conductors (no data 
was furnished for ground wires) 


iho) 


Radius of Conductor = .102” 

r = 1.505 ohnis/iiiile at 50^0 
0 

CMD = 4.465 ft. 

X = .609 olans/inile 

Sr 


= .00665 ft. 

V = ^ * \ - ^d> 


Where 

r = .2862 ohms/mile 

® D 

X = .8582 log obms/ m ile 
e X 

Where D = 88O ft, for 10 ohms per cubic meter earth resistivity 
e 

corresponding to sea water, 

X =5 2,469 ohms/mile 

X^ = ,2T9^ log ohms/mile 

\ = - 2 . 79 ^ log (2® 

= 1.505 + .2862 + j[2.469 t .609 - 2(. 1802)1 ohms/mile 

= 1,789 + j 2.7176 ohms/mile 

Z « 5r + r ■J’ 0 (X + 5X ) 
og c e ^^^e a 

- 5(1.505) -J* .2862 + j (2.469 + 5 X .609) ohms/mile 

= ^.795 + j 4.296 dhms/inile 

Z =r+j(X-X -X.-X) 
om e e ag og eg' 

Where 

= .2794 log ohms/mile 

= .2794 log ohms/mile 

Xcg " > 279 ^ log ohms/mile 

and D j D, > and D are the respective distances between the ground 
ng og eg 

wire and conductors a, b^ and c in feet. 

Z^ = .2862 + j(2.469 - .2517 - .2l4o - .2517) ohms/mile 
= .2862 t j I.79IT ohms/mile 
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There 


"o = V 


(Z )‘ 

Z 

og 


= I.T89 + i 2.YI76 - otmE/aOs 


= 2.01146888 + j 2.274955 Ohins/inile 


Zero segufipce impede.nce formed of 3 conductors ^ 4 HD 1335.^ copi^r with 
one ground wire of saiue characteristics j A configuration is: 

2.04469 + 0 2.27495 ohms/mile 
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Zero Sequence Shunt CaTJacitive Reactance ; 

Calculations of sero sequence shunt capacitive reactance of 5 circuits 
■with earth return will he iJifluenced by the presence of ground wires in 
a manner similar to the inductive reactance calculations as will be in- 
dicated by the following foamilas: 

Zero sequence shunt capacitive reactance of one 3 line with 

earth return (no ground wires) 


V t 1 

= X + - 

01 a e 


2Xj^ megohms .mile 


Where 


X* = .0685 log “ 
= .205 log 2 h 
x’ = .0683 log 


a = radius of conductor in feet 

h = mean hei^t of line conductors above 
ground in feet 


Zero sequence shunt capacitive reactance (X^^) of one ground wire ifith 
earth return 


1 I s 

X = 3X t X megohms .mile 

os S eg 


Where 


x' .0683 log 

® a 


a ~ radius of ground ulre in feet 


x’ = .205 log 2h* 
eg o 


h = height of ground wire above ground 
in feet 


Zero sequence mutual capacitive reactance (X ) between one 3 ^ line 
and one ground wire with earth return 


lit t t 

X s= X - X, - X_, - X, megohias .mile 

om e dag dbg deg 


Where 


= -°®3 V 

4g “ -““S log 
4g = log D^g 


&ro sequence sh’jnt capacitive reactance (X^) of one 3 ^ circuit with 
one ground wire and earth return 

v2 


1 > 

O 01 


(X y 

' om' 


megohms ,r.iile 


og 
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Zero sequence shunt capacitive reactance (X } of one 5 ^ circuit -with 

Cj 

one ground wire and earth a:^tum 


I 




Exsn^jle: 




megohms .mile 


Line : 5 conductors 4 HD bare copper with one ground wire equal 

to line conductor with earth return, A configuration. 


Radius of conductor = .102" 

f 

X = .lhl5 megohms .mile 

GMD = 4,465 ft. 

1 ’ , 

X = X = .1415 megohms .mile 
S S' 
h = 30 ft. 

li’ = 55-5 ^*t. 

1 

X = .364 megohms .mile 


^ = *5795 megohms .mile 

eg 

I 

X^ = .0443555 megohms .mile 

1 

^dag ~ '^567 megctos .mile 

^dbg “ **^525 megohms .mile 
1 

^dcg ” ‘*^567 megohms .mile 

= -j.l 4 l 5 - j* 56 ^ - 2 j(. 0443555) megohms .mile 
= -j .416635^ megohms .mile 
X = 3 (-j.l 4 l 5 ) -j.3795 megohms .mile 
= -j . 8 o 40 megohms .mile 

X_ = -j.364 - [-0,0367 - j.0525 - 0,0567] megohms .mile 


am 


= “0 .1985 megohms .mile 

x' = -0.4166534 - (-.1.1963}^ 

’ - j 7 So 4 o 

= -0 .5867631 megohsm.mile 


megohms .mile 


Zero sequence shunt capacitive reactance of 3 conductors 4 HD bare 
copper with equal ground wire wltn .‘arth return, A configuration = 

“ 0 • 5867 631 megohms .mile . 


(kk) 

Ij-. Zero Sequeace Impedance of 3 6 Povrer Cables 
A. GeneraJ- 

Zero sequence impedance calculations of 5 power cab].es are based 
on Carson's Fundamental Formulas introduced in the Aerial Lines 
Section which applied to a 5 system yields the following equations. 

D 

^01 ^ ■** ^e '** log ^ ohms/iaile 

D 

^caa “ ^ 

Where 

Z^^ = aero sequence self impedance of one 3 ^ circuit with earth return 

r = resistance of one line conductor of the 3 /S system in ohms/mile 
° (if all conductors are equal) 

(MR - in feet 

CMD - equivalent spacing in feet between the 5 line conductor of one 
5 ^ system 

GMR^^ = geometrie mean radius of one line conductor in feet 

D = equivalent dep'tdi of earth retura current in feet. In this study, 

® D = 880 ft. corresponding to an earth resistivity of 10 ohms .meter 
s 

cube (sea water) 

= mutual sero sequence Impedance between two 3 ^ circuits 

(MDg - spacing between the equivalent conductors of two 3 ^ systems 
or the equivalent spacing between the 6 conductors of two 
3 systems 

Several formulations are required to model the behavior of different 
types of cables under different installation conditions. Ihe following 
cases are considered for grounded 3 ^ systems: 

a) 3 conductor sheathed cable in steel conduit with earth return 
a ' ) 3 conductor sheathed cable in. fiber duct with earth ii^tum 

b) 3 conductor non- sheathed cable in steel conduit with earth return 
b ‘ ) 3 conductor non-sbeathed cable in fiber duct ^rith earth return 

c) 3 conductor sheathed cable installed aerially suspended from a 
messenger with one ground x-jlre at top with earth return 

c ’ ) 5 conductor sheathed cable installed aerially suspended from a 
messenger with earth retum 

d) 3 single conductor non-sheathed cables in steel conduit with 
earth return 
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d’) 5 single conductor non-sheatlied cables in fiber duct with 
earth return 

e) 3 single conductor non-sheathed cables aerially siispended from 
a messenger with one ground wire at top with earth return 

e*) 5 single conductor non-sheathed cables aerially suspended frcro. 
a messenger with earth return 

f) 5 single conductors -l* one grounded neutral conductor in steel 
pipe with earth return 

f ’ ) 5 single conductos i- one grounded neutral conductor in fiber 
duct with earth return 


B. Case a* : 3 conductor sheathed cable in fiber duct with earth 
return (typical for PILCHJ cables in fiber duet or directly buried in 
earth) 


In this case, there are 2 possible different return paths for zero 
sequence currents; sheath and earth with interrelated mutual coupling 
which, due to the definition of Carson's Formulas, cannot be successfully 
decoupled as independent terms, but must be considered as acting jointly 
together. She figure shown below depicts cui-rent flow in these paths 
together with the voltage drop e^ipressions (the figure is not an 
impedance diagram). 


If we replace the 3 conductors of 3 cable by one equivalent 
conductor with a resistance equal to the resistance of one conductor and 

2- l/ ^ 

with an equivalent geometric mean radius (MR - ^ j 

self impedance of the cable conductors can be formulated as 


Z 

e 

Similarly, 


Z 

s 


r + r -h j.8382 log 

c e 


D X 12 

e 

(MR 


■we can define the self-ijipedance of the sheath as: 


3r + r + j .8382 

5 € 


D X 12 
e 

®’sH 


"Where 

r = resistance of sheath in ohms /mile 
s 

a „ = radius of sheath in inches 
sH o \}-K 

(MR = ((MR^^ * (MD ) ' ^ in inches 

i\nd the mutual coupling between sheath and the equivalent conductor as; 


D * 12 

Z r + j.8382 log 

cs e " “ D 

cs 









Solving to I and substituting in 1} 
s 


I = I 
s o 


cs 


Z 


V=I (Z - Z )-{-I (Z - Z )„ 
0 O ' C cs 0 s cs Z 


cs 


v=^[zz-zz +ZZ -z;z] 

o Z c s s cs s cs cs cs 
s 


Z 2 

V = I [Z - ] 

o o *■ c Z ■* 
s 


And 


V /Z v2 

Z. 2 _( cs) 


s 


And the zero sequence impedance of* one conductor sheathed cable in fiber 
duct with earth return is given by 


/Z v2 

z = z - 


s 


This is a theoretical formulation that taJces into consideration the 
existence of two possible return paths for the fault current. Several 
fault and grounding conditions will affect the io^edance of the return path: 
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1) 33ae resistance of the sheath to grouncL cormection is not low 
enough that could he disregarded or the sheath is open to ground. 

Under this condition, the return path impedance will increase its 
value approaching a ground return only given by; 

U * 12 

t r^ + j.8382 log oihffis/mile 

2) The initial fault current returns through the sheath and either 

is cleared before it can develop to the earth or is prevented by the cable 
jacket . 

Ifeider this condition, the only return path available is through the 
sheath and its value is given hy the equation; 

Z = Z + Z - 2Z 
O C s cs 

8i 

= + 5i*g + j.8382 log dbms/mile 

5) aiie initial fault current returns through the sheath and after 
few cycles develops to the earth with an impedance given by: 


Z = Z - 
o c 

Several tests conducted by an utility cooipaDy indicate that this is 
the most likely condition to occur and it has been considered as such for 
our calculations. 

Comparison values for a 3 conductor 5^0 MCM - CS - PILCKJ I3 Kv - 
shielded in k" fiber duct are as follows: 

Z =5.60 ohms/mile for earth return only 
° = ,435 + J5.5586 ohms/mile 

Z = 1.998 ohms/ mile for sheath return only 
° = 1.9T9 + j.272 ohms/mile 

Z 1.81 ohms/mile for sheath + earth return 
° = 1,515592 + j. 99027 ohms/mile 

Case a ) 3 conductor sheathed cable in steel conduit with earth return 
(typical for PILCJJJ Gables in steel conduit) 

Jn this case, there are 3 possible return paths for zero sequence 
curx^nts: sheath, conduit, and earth. The behavior of the conduit impedance 

is a random function of the magnitude of current through the pipe and the 
pipe diameter. 
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If Z is defined as the pipe self-ioroedaace and Z is the nmtual 
p cp 

hnpedance between the cabJ.e conductors and the pipe, a derivation by 

J' H' !feher, published in J KH O?ransactions on Power Apparatus and S^tems - 

August pg. 797 to 8o4- provide a view of the mture of the problem. 

An excerpt of it follows: 


Evaluation of Z - Z = 5 (e + jX ) 

P cp p ^ 

(From a paper by J’ H’ Neher published in IEEE August 196Ji-.) 

If is the current density in the pipe at a radius + x (x = 

fraction of pipe thickness), then the net current flowing in the pipe inside 

a circle of radius r + x is: 

P 




I ^ 2tf r 

X p 


/ 

0 

,*x 


X 


Jdxt(l 4-I^-l) for x4ir 

V ' !*• r7_ V 


X 


r Jdx+(I+I_-I) 
X pjx ^ s G 0 


D = pipe diameter 

p 


Then 


H 


X 


X 


X ” Td +^) 7T D 
P P 


I + - JL 


Then 


dH 

J — X 
X 


dii * ^^x “8 / 

The induced emf is ^ =^iJ. dx — x 10 volts/ inch which must equal 
the voltage drop: 


^ox 


dE 


X 


dx . 10 ° volts/inch 

^ “ =J ar 


,-6 


dt 


dJ 


X " 


dt 


d^ 


X 


and 




dxdt 


X = 

dt 



- -2 dJ 

X 10 X 

dx 
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Or 


X 

dxdt 


= 10 


f?y\ A 


dx 


Assuming a sinusoidal ■varia’bion J = J 

X xm 


JIJC 


dJ 


dx 

Or 


2 

X = ^ = jw ^ J X 10“^ 


dx" 


t 


J = J 


X o 

mien the total current in the pipe is 


I =' 
P 


= 7 ri>,/ 


J dx 

X 


= [1 - 6-=^^^ ■*■ ttd 

2c P 


-to dJ 


'-/VaF ^ ■’^3 


z 


0 

V 

_ J9. 


Pc (^ ■*■ 


■p “ 1 

p p 


= 9.4 (1 t 




D 


micro-otais/ foot 


mien 


Z D = 
P P 




mae values of JJ. and K are random and depend of the value of 

From average data for 500 I ^ 7^00 A 

P 

F = 29.9 w^/D micro-ohms/ foot D in inches 

Jr • P P 

X = 18.1 micro- ohms/ foot 

J* tm 

= 15.56 


Fcr this case the zero sequence system oan he represented by the 
current flow diagram: 


-Ses Ts 






Siejs J-a 






Ts 


Applyii^ Kirchoff’s Equatxons: 

l) I = + I + 

' o s p G 

a) v=iCz-z) + i(z -z) + i(z 

^ O O ^ C cp'^ s' sp CS'^ p ' : 

3) V=I(Z-Z)4-I(Z-Z) + I(Z 

o o c cs s s cs' p S] 

4) 0 =-i a + z I + z I 

* o cs s s sp p 

I (Z - Z ) + I (z - Z ) - I_Z 
s s cs p sp cs G C! 

And the redundant equations 

0=1 (Z -Z) + I(Z -Z)tl(Z-Z 
O ' cs Cp' S sp S P P 5 

0 = I (Z - Z ) -f I (Z - Z ) - I^Z 
s ' sp cp P P cp' G cp 


Or in Matrix Form 
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Solving for by Cramer’s Rule and using minors 


det 


I = 
o 


det 


V 

c 

0 

0 


z - z 

c cp 

Z - Z 
c cs 


CB 


z - z 

sp cs 

Z - Z 
s cs 


Z - Z 
sp cs 

Z - Z 

B CS 


Z - Z 
P cp 

Z - Z 
sp cp 


Z 


sp 


Z - Z 
P cp 

Z - Z 
sp cp 

Z 

sp 


I = V [Z (Z - Z ) + Z (Z - Z )] 
0 o s ' p sp*^ sp^ s sp 


And 


Z [(Z - Z )(Z - Z ) t Czc - Z )(Z - Z )] 

s ^ c cs*^^ p cp cp*^' cp sp ^ 

+ Z [(Z - Z )(z - Z ) + (Z - Z ) (Z - z )] 

sp C cp s cs^ ^ c cs ^ cs sp 

+ Z [(z - Z ) (Z - Z ) + (Z - Z ) (Z - Z )1 
cs P cp^ '■ s cs'' ' cs sp sp cp 


Z [(Z - Z )(Z - Z ) -t- (z - Z )(Z - Z )] 

2, s ^ c es'^^ p cp^ ^ c cp ^ cp sp 

” Z(Z-Z)+Z (Z-Z) 

s p sp sp s sp 


Z [(Z - Z )(Z - Z ) 4-(Z - z )(Z - Z )] 

+ SP c cp s cs ^ c cs cs sp 

z(z-z)+z (Z-Z) 
s p sp sp ^ S sp 


Z [(Z - Z )(Z - Z ) 4- (Z - Z )(Z - z ) 

+ cs p cp s cs^ '• es sp sp cp 

Z(Z--Z)+Z (Z-Z) 

s p sp sp s sp 
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Where: 

Z j Z^j Z are the self Impedances correspond.ing to the cable 

Cop 

conductors, the sheath, and the pipe. Z , Z , and Z are the mutual 
' ’ cp' cs' sp 

Impedances between conductors and pipe^ conductors and sheath, and 

sheath and pipe. 


Parameters definition: 


= "’c * ’'e + 1°S gju 


D * 12 

ohms/ mile 


GMR 


= inches 


D * 12 

Z = 5r + r t j.8582 log — ohms /mile 

s s e 

a „ =i radius of sheath in inches 
sH 

Z - Z = 3R t j 3X 
P cp p ^ p 

B =15.36*29.9*5.28/(0 *1000) ohms/mile 
P . . ^ - 

D = pipe diameter in inches 
P 

X = 15.36 * 18.1 * 5. 28/(0 * 1000) ohms/mile 
P P 

0 * 12 

= + 3.838a log 

a = radius of pipe in inches 
P 


Z^ = 3R^ + r^ t ^(3^p + .8382 log (D^ * 12/a^) ohms/mile 


^cs = ""e ^-®582 log ^ 


D * 12 

- ohms/mile 


sH 
0 * 12 

j.8382 log ■ ■ " -- — ohms/mile 
® ^p“%H 


a 


" ^cp " ^c '^•^582 log 7^ ohms/mile 


a 


(MR 

sH 


Z - Z = r t j.8582 log 
c cs c Q® 


chms/mile 


Z - Z = 33T + jO. 
s cs s 

Z approx, = Z 
cp ^ sp 


Z approx. = Z approx. - Z 
cs sp cp 


by: 


Under this approximation, a model iras developed 'with a solution given 


Z = Z - Z 


cp 


(Z - Z ) t 

> t-iTn ' 


CS sp 


Where 


Z = [Z (Z - Z ) + Z (Z - Z )]tz (z - Z ) + Z (Z - Z )3 

1 s cp sp cs s cs p cs sp cp p cp ■“ 

Z^ = ZZ(Z +Z -2Z)+ZZ (Z-Z)4-ZZ (Z-Z) 

2 s p CS cp sp p cs ^ c cs s cp ' p cp 


Hie approximated model diagram is as follows: 





Results using the two equations of Z for sheathed 5 conductor ^00 MCM 
PILCRJ - 15 Kv cable are as _oHows: ° 

Using mathematical solution Z = .90097 t 88789 ohms/mile 

1.27 ohms/mile 

Using approximated model Z^ = -7395 + j -99824 ohms/mile 

= 1,25 ohms/mile 


^ Difference = 1.6^ in magnitude 
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The approxiitKLted model 'will evolve ir,to t3ae following cases; 
§ 1. Sheathed Cable in metallic conduit without earth return: 
System Equations : 

1) V=I (Z - Z ) + I (Z -Z )+I (Z - Z ) 

o o c cp s sp cs p p cp 

2) 0 := I (Z - Z ) + I (z - Z ) t I (Z - Z ) 

O cs cp S sp £ P P sp 

5) 0 = 1 - I "I 

o s p 

With Solution: 


z = (z - z ) + 

o ^ c cp 

(Z - Z ) - 
P cp' 

(z - z + z 

p cp cs 

- z f 

Z - Z + Z 
s sp I 

- Z 

) sp 

And the model is : 

Ci- 

! 

V- . 
f i 

f 



r' "■ 

'S*-. - 

■H.ci/5 - 2 -c,«s7" 



ts 


o 

— 


1 

! 

■ V 

j ■■ 2-S/’ -f- j 

1 ■ — ^ 


HjS- - 

2;^ r 2c. s 


Which fulfils the system equations by substituting “ -p 

in l) and substituting = I -f- in 2) and moving thru points a, o, 

G, n, and thru points cnbo. 

This model evolves from the original opening the and branches 
for the earth return path. 


2. Sheathed Cable in fiber duct with earth return: 
System Equations: 


= -o h - 

° = I. - \ 


z ) 

cs 


I = I +1^ 
o s G^ 


With Solution: 

(z y 

Z =Z 
o c Z 


And the model: 





f 

[ E<= - 

t — ( 

■ j 

) — 




I 

I, 


T 


S-*-- "S. o s 


jjC 3. Won- sheathed Cable in metallic pipe with earth return 
System Equations: 


V^I (Z - Z ) + I (Z - Z ) 
o o ' c cp p ' p cp 

0=1 (z - Z )-I^ z 
p ^ p cp^ Gg cp 


With Solution: 
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And the model is; 



D. Case b : 5 conductor non- sheathed cable in steel coaduit -s-rith earth 

return. 


ffiiis is the case of the BRWJ 15 Kv and 5 Kv and XLP 15 Ev and 23 Kv 
cables installed in conduit and has been fomrulated in / 5 abofve. 


(z y 


2 =2 - V 

o c Z 


ohins/mile 


Where 


D « 12 

^c " ^c *e ■** j'^582 log ohms/mile 

% " ^cp ^^^p 

Rp = 15.36 * 29.9 «■ 5. 28/ (Dp * 1000) ohms/mile 

X = 13.36 * 18.1 ^ 5.28/(D * 1000) ohT's/mile 
P P 

D = pipe diameter in inches = 2a 
P P 

D * 12 

Z = r + j . 8382 log — ohms/ :nile 

CP 6 Si 

p 

D * 12 

Z = 3R + r + j(5X + .8382 log — ) ohms/mile 

p p e p ap 


E. Case b ' : 3 conductor non-sheathed cable in fiber duct with earth 
return ( typical case for BRNJ and XLP 3 Kv. I5 Kv_, and 23 Kv installed 
in fiber duct or directly buried in earth ) . 



I 
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For this case, as the earth is the only return path for zero sequence 

currents : 

D * 12 

+ r^ + 0.8382 log — dhBs/mile 

F. Case c: 5 conductor sheathed cable installed aeriaily suspended from 

a messenger with one ground wire at top irith earth return (typical for 
PIAC aerial cables ) . 

In this case, there are k possible return paths for zero sequence 
currents: sheath, messenger, ground wire, and earth. {Ehese 4 possible 

return paths can be reduced to only 3 because the messenger and ground 
wire can be considered as an equivalent ground system and apply tte 
equations for n ground wires in aerial lines. 


The circuit for this case can be represented by the current flow 



Applying Kirchoff's Equations: 

1 ) I = I + I + 

o s w G 

2) V=I (z - Z ) + I (Z -Z )-fI (z ~ z ) 

o o c cw^ s sw cs^ w w cw' 

5) ? = I (Z - Z ) + I (Z - Z ) + I fZ ^ - Z ) 

o O C GS s s cs w sw cW 

4}0=-lZ +ZI+ZI 
' o cs s s sw w 

Which are the same equations that define "Case a" substituting the 
pipe (p) by the ground wire (w) . Thus, t::e solution is: 

I(Z - Z ){Z - Z ) 4 - (Z - Z )(Z - Z )] 

2 _ 2, c cs^^ w cw^ ^ c cw^^ CW sw^^ I 

° ® Z(Z-Z) + Z (z-z) 

s ^ w sw sw s sw 










i 


[(2 -2 )(Z ) + (Z -Z )(Z^-Z .)1 

^ C CV s CS^ ^ C GS ^ cs sv 

z (z - z ) + z (z - z ) 

s ^ w svT svr s sw 

[(Z - Z )(Z - Z ) + (Z - Z ){Z - Z )] 

w s cs^ ^ cs sw 

Z (Z - Z ) + Z (Z - Z ) 

S ' W SV'' sw s sw 


Parameters Definition: 


D * 12 

Z = r + r + j.8582 log — obras/mile 

c C e uWri 


(MR = in inches 

D * 12 

Z = 5 r + r + j.8582 log — ^ ohms/mile 

s s e 

a „ = radius of sheath in inches 
sH 

D * 12 

Z = 5 r + r + j.8582 log — 

w weg e ^ (MR 

r = equivalent resistance in ohms/mile of the parallel combination of 
messenger and ground wires 


Z = r + j .8582 log 

C& € 


D * 12 

ohms/mile 

^sH 


T\ ^ *1 O 

Z = r + j .8582 log _e obms/mile 

CVT S ^ 

cw* 


Z = r + 0.8382 log 
sw e 


D 12 

^ . ‘ ohms/mile 

sw 


(MR^^ ^ ( .779 * * .779 * \ * h2 )1A inches 

a = radius of messenger wire in inches 
m 

a = radius of ground wire in inches 
w 

H = spacing between messenger and ground wire in inc h es 

D — equivalent spacing bet^reen the cable conductors and the messenger- 
ground wires assembly 

D = (d * d ’.1/2 inches 


d = geometrical mean distance from the aerial cable conductors to the 
messenger wire 


r 


(6o) 

d = ffsoiiietrical mean distance frcavi the aerial cable conductors to 
cw ” 

the ground wire in inches 

D = (d * d Inches 

sw ' sm sw 

Where 

d = geometrical mean distance from the aerial cable sheath to the 
sm “ 

messenger wire 

d^^ = gecsmetrical mean distance from the aerial cable to the ground 


Evaluation of d and d 

cm cw 









d = (d * d * d 
cm ' cm^ CHig cm^ 

Butj in general 

d = d 
ca^ cm^ 

d = [d * (d 
cm cm^ ' CE^ 


d = 7 T- + h- “ s 
2 3 




^ rrv ^ ,.2 ^ s^il/2 

OD = cable outside diameter 


?'or h approx, equal to ^ 


d = OD - 
cm^ 3 


OD 


d =: [ (OD + ? 1 

cWg 6 ' 4 


^ ^ 3 jl/2 


1/3 


inches 


If H = spacing between messenger and ground vrires in inches 
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lu OUT installation H = 5*6" = 66” 


1/5 


inches 


Thus 


= (66 + OD - s^) [ I + (66 + OD + sf|)^] i 


cw 


Evaluation of D 


inches 


cw 


D = (d * d ) 
CIV era cvr 


1/2 


= /(OD - s^) [ ^ + (OD + s^)®] (66 + OD 
[ (66 H. OD ^ ^ 




inches 


Evaluation of d and d 

sm sw 



^2 2 2 ^ 
d = X + y =: d 

sm 

X = r sin © 
y = h t r (1 - cos©) 

d^ =(r sin ©)^ + [h + r (l - cos©) 

,2TT' 


4vg "hr S [2r^ + t 2hr - 2(/ + hr)cos0]d© 


2 ^2 
d = 2r“ + h t 2hr 
avg 

p p 

r + (r + h) 


TD U 0° 

For h = ^ r = 


d = [a^„ 4- (a „ + inches 

sm ■■ sd ' sH 2 


If H = spacing between messenger and ground wires in inches 


J 


I 1 i J I i f .1 
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d = ta^„ + (a „ + H + iaciies 

sw sH '• sH 2 ' 

In our installation H = 5 ’6" = 66” 

!Phus 

^sw = * ("-SH 

Evaluation of D 
sw 

D = (d * d iuciies 

sw sm sw 

= * Kh 

This system can also be represented by 3 branches in parallel plus 
a short circuit to ground , but the solution equation for my prove 

eumbersoine to handle and computer time consuming vrithout attaining much 
more accuracy. 


G-. Case c ' ; 3 conductor sheathed cable installed aerially sizspended 

from a messenger with earth return (typical of PIAC aerial cables) 

In this case, thei-e are 3 possible return paths for aero sequence 
currents: sheath, messenger, and earth. Thus, it is the same as case 

c with a change in the definition of the parameters as follows: 

D * 12 

2^ = j*8582 log ohms/mile 

m 

^m “ resistance of messenger wire 

GMR = .779 * a 
m m 

= radius of messenger wire 

D * 12 

Z = r + j.8382 log ~T~- ohms/mile 

cw e Q- 

cm 

D * 12 

Z = r H- j.8382 log ”r^ ohms/mile 

SVT 6 Ot 

sm 



'1™ = + (a + m)2-,l/a 

s® sH ^ sH 2 ^ ^ 


inches 
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s = of the cable coruductors in inches 


a „ = radius of the sheath in inches 
sH 


H. Case d: 5 single conductor non-sheathed cables in steel conduit vith 

earth return (laical for XbP 5 Kv and I5 Ev cables and KHW-USE cables 
in steel conduit). 

In this case, there are two possible return paths for zero sequence 
currents: pipe and earth. Thus, the case is similar to “case a*' substi- 

tuting the sheatti by the pipe and adjusting the definition of the parameters, 

(Z f 

o c Z 
P 


Where 

D *12 

= r„ + r^ t j .8582 log ^ — oiuns/mile 




GtiR == (CMi * inches 

GMD = geofmetric mean distance of conductors 
2 -'2 = 5R + j 5X ohms/mile 

w '“Jr X" 

R = 15-36 * 29-9 * 5-28/^ * lOOO) ohms/mile 
P P 

Xp - 15.56 * 18.1 * 5.28/(D^ * 1000) ohms/mile 

D — pipe diameter in inches 
^ =i 2a 
P 

D * 12 

^cp = "*■ j-8382 log ohms/mile 


D * 12 

Z = 5 H t* r + j(3^^ t -8582 log ) ohms/mile 

p p e p a 


I. Case d ' ; 5 single conductor non-sheathed cables in fiber duct with 

earth return (typical for XbP and RHW-UBE in fiber duct). 

In this case, there is one possible return path for zero sequence 
currents: earth return. 


Thus 


Z = Z = r tr + j .8582 log 
o c c e ° 


D * 12 
e 

a® 


ohms/mile 


- i 


I 


I 


t 
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J. Case e; 5 single conductor non- sheathed, cables aerially suspended 
from a messenger with one ground wire at top with earth return (typical for 
aerial cables)* 

In this cassj there are 3 possible return paths for zero sequence 
currents: messenger, ground wire, and earth. 


Ihe circuit for this syutem can be represented by the current flow 
diagram: 



System Equations: 


I -- 

0 

V = 

I t I + 
m w G 

I (Z - Z ) + I 

(z 

- Z ) + I (Z 

- z ) 

0 

0 c CF m 

mw 

cm w w 

cw 

V = 

I (Z - Z ) + I 

(Z - 

Z ) + I (Z 

- 2 ) 

0 

0 c cm m 

m 

cm w ' mw 

cw 

0 = - 

•I„Z + I Z + I Z 
0 cm mm w mw 




tJhich are the same equations that define "case c" substituting the 
sheath (s) by the messenger (m) . 3?hus the solution is 

[(Z - 2 )(Z - Z ) -1- (Z - Z )(Z - Z )] , 

2 - z Q cm^^ w cw^ ^ c ew^^ cw f 

° ^ Z(Z-Z)+Z (Z-Z) 

m w fflsf mw m mw 









I 


I 


I 


I 


f 


+ z 




(65) 

E(z - z )(z - z } -i- (z - z )(z - z )] 

^ c m cm^ ^ c cm cm w 

Z(Z-Z)+Z (Z-Z) 
m ' w w' w m mw 


+ Z 


cm 


E(z - z )(z - z ) + (z - z )(z - z )i 

^ w cw m cm ^ cm mw cw 

Z(Z-Z)+Z (Z-Z) 
m w raw raw n raw 


ferametera Definition: 

D * 12 

Z^ + j-8582 log — ^ obns/mile 

GMR = Inches 

D * 12 

^m == ■" j ohms/mile 

^m ~ resistance of messenger wire in ohms/mile 
= radius of messenger wire in inches 


Z = j 5 r t r + j log 

W W g o o 


D *12 
e 

.119 a 


ohms/mile 


w 


r^^ = resistance of ground wire in ohms/mile 

a = radius of ground wire in inches 
w 

D * 12 

Z^^ = r^ + j.3582 log ohms/mile 

cm 


1/5 


inches 


OD 


For h = = height of messenger abcnre conductors in inches 

*^cra " ^ "** 5~ ^ J ^ inches 

Where OD = outside diameter of one cable in inches 
s = spacing of conductors in inches 

For common installations 


cm 


1.28 * OD inches 


X 
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Z = r j.8332 log 
cw e 


D * 12 

ohris/mile 

cvr 


*^cw " + OD - s^) [|' + (H + OD + inches 


For our installation H = 5'6" = 66" = spacing from messenger to ground 
wire 


Then 


^cw ” + OD - s^) [ ^ + (66 t OD + 

D * 12 

Z -• r + j.8582 log -^-Tj ohms /mile 

mw e aw 


1/5 


inches 


= r„ + j.8382 log 


H 

D * 12 


In this case^ we could have also reduced the system to 2 return paths 
considering the messenger and ground wire as one equivalent ground wire . 
The system will then have a solution given by 


Z = Z - „ 
o c Z 


cw 


ohms/mile 


w 


Whei« 


D * 12 

Z^ - + r^ + j.8382 log — ohms/mile 


+ r + j.8382 log 


w 


weQ 


D * 12 

dhms/miJ.e 

w 


Where 


GMR - (.779 a * .779 a * inches 

w m w 


a = radius of messenger wire in inches 
m 

a = radius of ground wire in inches 
w 

H = spacing between messenger and ground wires in inches 


Z = r + j,8382 log 
cw e 


D * 12 
e 


D 


cw 


dhras/mile 


(6t) 

Where 

D = (d * d inches 

cw cm cw 

°cw "" ^ f -f- {or + s'^)“] (H + or - s^)[ I + (H 4- OD + s^f 

inches 


Case e * ; 5 single conductor non- sheathed cables aerially suspended 

from a messenger with earth return (typical for XLP aerial cables). 

In this case^ there are two possible retirm paths for zero sequence 
currents; messenger and earth. The solution is: 

Z 

Z = Z - 7-^ ohms/mile 
o c Z ' 

m 

Wnsre 

D * 12 

4 - r^ + j.8582 log — obms/mUe 

CMK = inches 

D * 12 

Z = 5 r 4 - r 4 - j.8582 log — ^ ohms/mile 

m la e . 1 ly a^ 

r^^ = I'esistance of messenger w.ire in ohms/mile 

= radius of messenger ■^fiire in inches 

D * 12 

Z = r^ 4 - ^ .3582 log — ■■ . — ohms/mile 

cm 

d = 1.28 * OD inches 
cm 

L. Case f: 5 single conductors 4 - one grounded neutral conductor in steel 

conduit with earth return (typical of RHW-USE cables in steel conduit). 

In this cas 6 j there are 5 possible return paths for zero sequence 
currents: the grounded neutral conductor ^ the pipe^ and the earth . 


The circuit can he represented by the current flow diagram: 


( 68 ) 
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Parameter Definiti oa 


D * 12 


\ + ’'e I®® 


dbL!iis/mil( 


CMR 


= inches 


D * 12 

\ + j,8382 log ohins/mile 

n 

^n ~ resistance of neutral conductor in ohms/mile 

Qffi^ = geometric mean I’adius of neutral conductor in inches 

Z - Z = 5R + J3X ohms/mile 
P P P 

Rp = 15.36 * 29-9 * 5.28/CD^ * 1000 ) ohms/mile 

Xp = 15.56 * 18.1 * 5.28/(Dp * 1000) ohms/mile 

D 2a = diameter of pipe in inches 
P P ^ 

D * 12 

2 = r + j . 85 ^ log ohms/mile 

c 3i 


D * 12 

S = 3B + r + j (5X^ t .8582 log ® 


a 


ohms/mile 


B * 12 

^cn ^ ^e j 


P 

ohms/mile 


0 MD 


Z = Z ohms/mile 
np cp ' 


Case f * ; 5 single conductors + one grounded neutral conductor in 

fiber duct ifith earth return (typical for BHW-IJSE cable in fiber duct) . 


In this casSj there are two possible return paths for zero sequence 
currents: the grounded neutral and the earth. !Ehe solution is given by: 


Z = Z 
o c 


z 

cn 


Z 

n 


ohms/mile 


Where 


Z 


c 


D * 12 

3, ^ j, + j.8382 log ohms/mile 

c e 


I 


I 


) 
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O© = inches 

D * 12 

\ 

= resistance of neutral eoaductor in ohms/mile 
QIR^ == gecnnetric mean radius of neutral conductor in inches 

D * 12 

■*' log ohms/mile 


1 


1 


f 
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5. Summary of WetiiTOrk Configuration and Bus Designations 
A. Bus Code Designations and Voltage Levels 
®ie following bus on the network one line diagram: 


launching Complex 8 - 905 


Industrial Area 2008 - 2915 


All bus codes are indexed with a voltage designation as follows 


Bus Voltage 


First Symbol in Bus Code 


15,800 A 

4,160 B 

480 C 

208 D 

115,000 E 

15,680 F 

15,520 G 

13,200 H 

2,400 J 

120/240 K 


Voltage levels at specific buses are as follows: 


> 


I 
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Lamchiiig Complex 


Kennedy Space Center 


Bus Code - Vol'faapje Levels 


13.8 Kv Buses (a) 

8 tliru 12, 14 thru 16, 18 thru 35, 55, 5-', 59, ^5 thru 49, 51 thru 5^, 

56 thru 91, 98, 99, 116 thru 122, 124 thru 132, I3T thru l42, l46 thru 
155, 158 thru 169, 174, 175, 178, 179, 181, 188, 192, 195, 19S, 199, 201, 
203, 205 thru 206, 208, 211, 2l4, 2l6, 2l8, 220, 222 thru 226 , 228, 229, 

231, 235, 255, 236, 238 thru 240, 242 , 2 khj 243, 247, 249 thru 252, 255, 

237, 261 thru 265, 267, 268, 271, 272, 274, 273, 278 thru 280 , 283 thru 

285, 288, 289, 290, 299 thru 303, 323, 326, 540 thru 342 , 333, 9OI thru 

905 

4.16 Ky Buses (b) 

100 thru 11.5, 183, 197, 248, 286, 267, 297, 298, 304 , 328, 35^^, 355, 

357, 538, 3^5, 347 thru 352 

480 V Buses (c) 

13, 17, 34, 36, 37, 40 thru 42, 50, 55, 92 thru 97, 123, 135 thru 136, 
i 43 thru 145, 156, 157, 170 thru 173, 176, I82, l84 thru I87, I89 thru 
191, 194 thru 196, 200, 202, 204, 207, 209, 210, 213, 213, 217, 219, 221, 

227, 250, 232, 234, 237, 241, 245, 253, 254, 258 thru 260, 266, 269, 270, 

273, 276, 277, 281, 282, 291 thru 296, 303 thru 324, 527, 529 thru 555, 

336, 339, 545, 346, 554 thru 374, 376 thru 383, 392 thru 4l8, 420 thru 

422, 424 thru 458, 46o thru 468, 470 thru 482 , 484 thru 305, 507 thru 

509, 311 thru 515, 517 thru 524, 526 thru 545, 548 thru 550, 65O thru 

657, 659 thru 663, 665, 666, 668 thru 67I, 67 5 thru 678, 680, 682, 685, 

685, 686 , 688 thru 69I, 693 thru 704, 706, 707, 709 'thru 7H, 713, 7l8 

thru 722, 750, 731, 332 thru 583, 385 thru 628, 631 thru 64o 

208 V Buses (b) 

177, 180, 212, 256, 386 thru 391, 419, 423, 459, 469 , 483 , 506, 510, 516, 

52^, 5^7, 551, 64l thru 649, 658, 664, 667, 6?2, 679, 692, 708, 712, ?l4, 715, 

11.5 Kv Bus (E) 


5 


! 


f 


I 


f 


I 


'Si 
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Koiinedy Space Center Industrial Area Voltage Levels of Ccxied Buses 
Moto; All buses shall be coded starting with 2008 


1X5 Kv (E) 

k 


13,8 Kv (a) (Tills net\7ork section noirmally connected to VABR 6O9) 

2026. 2098^ 2102 , 2104, 2106, 2106, 2110, 2112, 2115, 2117, 211^-, 2121, 
2125, 2125, 2129, 2151, 2135, 2155,2145 , 2159, 2i4i, 2143, 2 i 4 t, 2:49, 

2131, 2153 thru 2169, 2172, 2197, 2199, 2201, 2204, 2210, 2211, 2915, 2?l6, 

29IT 

13.68 Kv (F ) (Tills network section nonmlly connected to VABR 609) 


2113, 2127, 2137 

13.32 Kv (G) 

2203 


Kv (H) 

2003, 2009; 2011 thru 2025; 2027 thru 2C86, 20S8, 209I; 2095, 2094, 
2096, 2097; 2100, 2170, 2174, 2176, 2178, 2180, 2182, 2184, 2l36, 2l88, 
2191, 2195; 2195, 2214 thiru 22l8; 2220, 2222, 2224, 2223, 2250, 2233, 2236, 

2257, 2241, 2245 thru 2249; 226?, 2272, 2278, 2279, 2280, 22Sl) 2235, 2285, 

22S7, 2288, 2293 thru 2296, 2299; 2301, 2303; 2305; 2307; 2309; 251I; 2313, 

2515; 2517; 2319, 2321, 2523, 2325, 2527; 2329; 2551; 2553; 2355 thru 

2549; 2553, 2355, 2357; 2359, 2561; 2365; 2365; 2367; 2569; 237I; 2573, 

2573; 2377; 2379; 2381, 2585; 2385; 2387, 2569; 2391 thru 2431; 2433; 2455; 

2437; 2459; 2441; 2443, 2445, 2447, 2456 thru 2463, 2465, 2467, 2469, 2471, 

2473; 2475; 2473; 2481, 2483 thru 2494, 2501 thru 2504, 2506, 2508, 2510, 

2514, 2316, 2517 thru 2524, 2526, 2528, 253O; 2552, 2554, 2536 thini 2541, 

2852, 2901 thru 2914, 

2.4 Kv (J) 

2271; 2275; 2274; 22S9, 2290, 2291, 2297, 2298, 2350 thru 2552, 2472, 
2474; 2496, 2497; 2499; 2500 

48qv (c) 


2087; 2092; 2095; 2122, 2128, 2187, 2189, 2190, 2192, 2209, 2221, 

2251, 2232, 2235; 2258, 2240, 2242, 2250 thra 2259, 226l, 2263, 2264, 2268, 

2269, 2270, 2275; 2292, 2302, 2308, 2316; 2318, 2320, 2328, 2556; 237O; 

2373; 2388, 2432; 2436, 2444; 2450 tnm 2452, 2454, 2466, 2465, 2470, 2476, 

2477; 2479; 2480, 2482, 2512, 2531, 2533, 2542 thru 2679, 2681 thru 2850, 

2853 


NL 
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Kennedy Space Center IndustrlaJ. Area Voltage Levels of Coded Buses 


208 V (d) 


2069, 2090, 2105, 2114, 2152, 2134, 2136, 2138, 2148, 2130, 2132, 
2171, 2173, 2175, 2177, 2179, 2194, 2196, 2198, 2200, 2202, 2203, 2205, 

2219, 2226, 2227, 2229, 2254, 2239, 2260, 2262, 2265, 2266, 2276, 2277, 

2282, 2284, 2286, 2500, 2504, 2306, 2310, 2312, 23114., 2322, 2524, 2326, 

2330, 2332, 2334, 2354, 2358, 2360, 2362, 2364, 2366, 2368, 2372, 2374, 

2376, 2380, 2382, 2384, 2386, 2390, 2454, 2438, 2440, 2kh2, 2446, 2448, 

2453, 2464, 2505, 2507, 2509, 251I, 2513, 2513, 2525, 2527, 2529, 2535, 

2851 

120/240V - 10 (K) 

2099, 2101, 2103, 2107, 2109, 2 111 , 2116, 2118, 2120, 2124, 2126, 
2130, 2i40, 2142, 2144, 2146, 2181, 2185, 2185, 2223, 2225, 2449, 2453 


! 
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(75) 


LAUNCHING CCMPLEX 


Bus Code 

Voltage Level 

5 

115 Kv 

8 

13.8 Kv 

9 

15.8 Kv 

10 

15.8 Kv 

11 

15.8 Kv 

12 

13.8 Kv 

15 

480 V 

iV 

13.8 Kv 

15 

13.8 Kv 

16 

13.8 Kv 

17 

1«80 V 

18 

13.8 Kv 

19 

15.8 Kv 

20 

13.8 Kv 

21 

13 .8 Kv 

22 

13-8 Kv 

23 

13.8 Kv 

24 

13.8 Kv 

25 

15.8 Kv 

26 

13.8 Kv 

27 

15.8 Kv 

28 

15.8 Kv 

29 

15.8 Kv 

30 

13.8 Kv 

51 

13.8 Kv 

52 

13.8 Kv 

35 

13.8 Kv 

54 

480 V 

35 

13.8 Kv 

36 

480 V 

57 

480 V 

38 

13.8 Kv 

39 

13.8 Kv 


Network Location 


115 Kv IPLCO Line at C-5 Substation 

Instrumentation Bus at C-5 Substation 

Industrial Bus at C-5 Substation 

VAB Recloser Bus 

LBS ^ 301 Indi-istrial Bus 

VABR Substation ^ 855“500 KVA 

Transformer "B** 

VABR Substation ^ 833 
Transformer "B** 

VABR Substation ^ 853-5OO KVA 
Transformer **A" 

LBS 5^ 718 Industrial Bus 
Substation ^ 852-3OO KVA 
Transformer rfe.intena. n ce Shop 
Substation 4 832 Transformer 
Maintenance Shop 
Switchgear / 700 Industrial Bus 
LBS 4 724 Industrial Bus 
LBS 4 771 Industrial Bus 
LBS 4 723 Industrial Bus 
Substation 4 80O-IOOO KVA 
Transformer "A” 

Substation 4 802-I300 KVA 
Transformer "A" 

Substation 4 8o4-750 KVA 
Transformer "A" 

Substation 4 QlS-lOOO KVA 
Transformer "A" 

Substation 4 804-1000 KVA 
Transformer "B” 

Substation 4 8OO-IOOO KVA 
Transformer "B” 

Substation 4 802-I5OO KVA 
Transformer "B” 

Substation 4 818-IOOO KVA 
Transformer "B" 

4 750“ML Interface 
LBS 4 752 -Ml Interface 
LBS 4 7^2 Industrial Bos 
Substation / 8OI-75O KVA 
Transformer *'A“ 

Substation / 800 Transformer "A” 
Substation 4 8OI-75O KVA 
Transformer "B" 

Substation / 80I Transformer ”A” 
Substation f 802 Transformer 
Substation 4 803-IOQO KVA 
Transforr.er "A" 

Substaticn / 803-IOOO KVA 
Transfonvor "B*' 


> 


t 


I 


(t6) 


LAUNCHING COMPLEX 

Bus Code 

Voltage Level 

4o 

480 V 

4l 

480 V 

42 

48c V 

45 

15.8 Kv 

44. 

15.8 Kv 

45 

15.8 Kv 

46 

15.8 Kv 

47 

15.8 Kv 

48 

15.8 Kv 

49 

15.8 K- 

50 

480 V 

51 

15.8 Kv 

52 

15.8 Kv 

55 

15.8 Kv 

54 

15.8 Kv 

55 

480 V 

56 

15.8 Kv 

57 

15.8 Kv 

58 

15.8 Kv 

59 

15.8 Kv 

60 

15.8 Kv 

61 

15.8 Kv 

62 

15.8 Kv 

65 

15.8 Kv 

64 

15.8 Kv 

65 

15.8 Kv 

66 

15.8 Kv 

67 

15.8 Kv 

68 

15.8 Kv 

69 

15.8 Kv 

70 

15.8 Kv 

71 

15.8 Kv 

72 

15.8 Kv 

75 

15.8 Kv 

74 

15.8 Kv 

75 

15.8 Kv 

76 

15.8 Kv 

77 

15.8 Kv 

78 

15.8 Kv 

79 

15.8 Kv 

80 

15.8 Kv 


Network Location 


Substation 4 6^5 Transformer "A” 

Substation 4 Transformer *'A" 

Substation 4 Transformer ”A” 

LBS 4 T25 Industrial Bus 
Substation / 850-750 
Transformer "B” 

WXE on Feeder / 6l0 at LBS 4 7^7 
LBS 4 7^7 Industrial Bus 
LBS 4 723 Industrial Bus 
LBS 4 7^0 Industrial Bus 
LBS 3? 7^5 Industrial Bus 
Substation 4 ^50 Transformer "B" 

Substation 4 330-750 KVA 
Transformer "A” 

Switchgear 4 705 Industrial Bus 
and LBS 4 721 

Substation 4 820 (liCC)-1500 KVA 
Transformer "A” 

Substation / 820 (LGC)“1500 KVA 
Transformer "B" 

Substation 4 820 (LCC) Transformer "A” 

Ss/itching Sta. /707 Feeder ^605 Industrial Bus 

Normal Switch at Emergency Power 

Cubicle / 706 

LBS ^782 Industrial Bus 

WYE on Feeder / 607 between 

LBS ^ 762 and # 729 

Substation 4 8^-75 PCVA Transformer 

Substation 4 887-225 KVA Transformer 

LBS 4 1^9 niidustrial Bvis 

WYE on Feeder 4 807 between LBS 4 729 

and SS 4 879 

Substation / 882 (LCC ) -112. 5 KVA 
Transformer 

WYE on Feeder 4 ^7 at Substation / 876 
Substation / 876-45 KVA Transformer 
Substation / 877-45 KVA Transformer 
WYE on Feeder ^ 6C7 at Substation 4 879 
WYE on Ff.-eder 4 607 at Substation / 87O 
WYE on Feeder 4 607 at Substation f 87O 
Substation 4 87O-5OO KVA Transformer 
Substation f 871-45 KVA Transformer 
Substation 4 875-225 KVA Transformer 
Substation 4 885-45 KVA Transformer 
Substation 4 872-500 KVA Transformer 
WYE on Feeder 4 607 at Substation / 872 
WYE on Feeder 4 607 at Substation 4 872 
WYE on Feeder 4 607 at Substation f 874 
Substation / 875-45 KVA Transformer 
Substation 4 874-45 KVA Transformer 
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(77) 


LAUNCHING COMPLEX 


Bus Code 

Voltage Level 

81 

13.8 Kv 

82 

13.8 Kv 

85 

13,8 Kv 

34 

15.8 Kv 

85 

13,8 Kv 

86 

13.8 Kv 

87 

15.8 Kv 

88 

13.8 Kv 

89 

13.8 Kv 

90 

13.8 Kv 

91 

15.8 Kv 

92 

480 V 

95 

48o V 

94 

480 V 

95 

480 V 

96 

480 V 

97 

480 V 

98 

13.8 Kv 

99 

15.8 Kv 

100 

4.16 Kv 

101 

4.16 Kv 

102 

4.16 Kv 

103 

4.16 Kv 

io4 

4.16 Kv 

105 

4.16 Kv 

106 

4.16 Kv 

107 

4.16 Kv 

108 

4.16 Kv 

109 

4.16 Kv 

no 

4.16 Kv 

111 

4.16 Kv 

112 

4.16 Kv 

115 

4.16 Kv 

114 

4.16 Kv 


Network Location 


«A« 

"B" 


Substation ^ 88O-3OO KVA Transformer 
WYE on Feeder / 607 at Substation / 884 
WYE on Feeder ^ 607 at Substation f 878 
Substation ^ 879-^15 KVA Trans fomer 
Substation jy 881-225 Transformer 
LBS ^ 775 Feeder / 6o4 Industrial 
LBS 773 Feeder 5? 520 Instrumentation 
Substation ^ 321 (LCC)-IOOO KVA 
Transformer “A" 

LBS ^ 774 Feeder ^ 520 Instrumentation 
LBS ^ 7'''4 Feeder ^ 607 Industrial 
Substation / 821 (LOG ) -1000 KVA 
Transformer "B" 

Substation ^ 821 Transformer "A" 

Substation jy 882 Transformer 
Substation jy 876 Transformer 
Substation ^ 877-45 KVA Transformer 
Substation § 87O-3OO KVA Transformer 
Substation ^ 871-45 KVA Transformer 
Substation ^ 829-75OO KVA Transformer 
Substation / 829-7500 KVA Transformer 
Substation ^ 829 Transformer ”A’* 

Utility Annex Motor Control Center ”A** Bus 

350 HP Syncbronous Air Cos5)ressor Motor ^ 2 

at Utility Annex MCC-A 

350 HP Synchronous Air Ccm^ressor Motor 

^ 1 at Utility Annex MCC-A 

2300 HP Synchronous Refrigerator / 3 

at Utility Annex MCC-A 

2500 HP Synchronous Refrigerator / 4 

at Utility Annex MCC-A 

450 HP Induction Condensate Water Puh^ 

^ 4 at Utility Annex MCC 
Utility Annex Motor Control Center "B" 

550 HP Induction Condensate Water Pue 5> 
at Utility Annex MCC-B 
HP Induction Condensate Water PuEg) 
at Utility Annex MCC-B 
4S0 HP Induction Condensate Water Punrp 
5^ 1 at Utility Annex MCC-B 
2500 Hp Synchronous Refrigerator / 2 
at Utility Annex MCC-B 
2500 HP Synchronous Refrigerator 4 1 
at Utility Annex MCC-B 
450 HP Induction Chilled Water Pump 4 5 
at Utility Annex MCC-B 
450 HP T'.duction Chilled Water Pump / 2 
at Utilitv Annex MCC-B 


Bus 
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(78) 


LAUNCHING CCMELEX 


Bus Code Voltage Level Network Loeatlon 


115 

4.16 Kv 

116 

13.8 Kv 

117 

13.8 Kv 

118 

13.8 Kv 

119 

13.8 Kv 

120 

15.8 Kv 

121 

15.8 Kv 

122 

13.8 Kv 

125 

480 V 

124 

13.8 Kv 

125 

13.8 Kv 

126 

13.8 Kv 

i27 

15.8 Kv 

128 

15.8 Kv 

129 

13.8 Kv 

130 

13.8 Kv 

131 

13.8 Kv 

132 

13.6 Kv 

133 

460 V 

134 

480 V 

135 

480 V 

156 

480 V 

137 

13.8 Kv 

138 

13.8 Kv 

139 

13.8 Kv 

l4o 

15.8 Kv 

l4l 

13.8 Kv 

142 

13.8 Kv 

143 

48o V 

144 

480 V 

145 

48o V 

l46 

13.8 Kv 

147 

15.8 Kv 

148 

13.8 Kv 

149 

13.8 Kv 

150 

13.8 Kv 

151 

13-8 Kv 

152 

13.8 Kv 

153 

13.8 Kv 

154 

13.8 Kv 

155 

13.8 Kv 

156 

480 V 

157 

480 V 

158 

13.8 Kv 

159 

13.8 Kv 

160 

13.8 Kv 


450 HP Induction Chilled Water Pun^) ^ 1 

at Utility Annex MCC-B 

WyU on Feeder 5^ 607 at LBS / 744 

LBS 7^ 745 Industrial Bus 

LBS ’ff 'jk -5 Instrumentation Bus 

Substation ^ 8l4-500 KVA Transformer "B" 

LBS / 7^ liidustrial Bus 

LBS ^ 7^ Instrumentation Bus 

Substation ^ 8l4-500 KVA Transformer "A” 

Substation # 8l4 Transformer “A" 

LBS 741 Industrial Bus 
Substation jf 806-IOOO KVA Transformer "B" 
Substation W 808-I5OO KVA Transformer "B" 
Substation f 810-750 KVA Transformer *’B” 
Substation / 817-IOOO KVA Transformer "A” 
Substation / 806-IOOO KVA Transformer "A" 
Substation 5? 808-I5OO KVA Transformer "A" 
Substation f 810-750 KVA Transformer "A** 
Substation ^ 817-IOOO KVA Transformer "B” 
Substation W 806 Transformer “A" 
Substation W 808 Transformer “A" 
Substation W 810 Transformer ”A” 
Substation 817 Transformer ”B" 
Substation # 807-IOOO KVA Transformer "A" 
Substation f 807-IOOO KVA Transformer *'B" 
Substa.tion jy 809-IOOO KVA Transformer ”A" 
Substation ^ 809-IOOO KVA Transfomer "B" 
Substation ^ 81I-IOOO KVA Transfoimer "A.” 
Substation 8II-IOOO KVA Transformer ”B" 
Substation jy 807 Transformer ”A" 
Substation / 809 Trausforjoer “B” 
Substation / 81I Transformer "A" 

LBS / 717 Industrial Bus 
LBS / 719 Industrial Bus 
LBS ^ M. L. Interface Industrial Bus 
KBS jV 754 M. L, Interface Industrial Bus 
LBS / 727 Instrumentation Bus 
Substation ^ 812-5OO KVA Transformer 
Substation w 812-5OO KVA Transformer “B" 
Substation 816-I5OO KVA Transformer "A" 
Substation # 816-I5OO KVA Transformer “B” 
LBS ^ 728 lastruraentation Bus 
Substation ^ 8l2 Transformer "A" 
Substation ^ 816 Transformer "A” 

LBS 745 Instrumentation Bus 

KBS J7 75? K, Interface Instrumentation 

Bus 

IBS / 757 M. L. Interface Instrumentation 
Bus 


LAUWCH31JG CCMPLEX 


Bus Code Voltage Level Network Location 


161 

13.8 Kv 

162 

13.8 Kv 

165 

13.8 Kv 

164 

13.8 Kv 

165 

15.8 Kv 

166 

13.8 Kv 

167 

13.8 Kv 

168 

15.8 Kv 

169 

15.8 Kv 

170 

480 V 

171 

48o V 

172 

480 V 

175 

480 V 

174 

15.8 Kv 

175 

13.8 Kv 

176 

480 V 

177 

208 V 

178 

13.8 Kv 

179 

13.8 Kv 

180 

208 V 

181 

13.8 Kv 

182 

480 V 

185 

4.16 Kv 

184 

480 V 

185 

48o V 

186 

480 V 

187 

480 V 

188 

13.8 Kv 

189 

480 V 

190 

480 V 

191 

48o V 

192 

13.8 Kv 

193 

13.8 Kv 

194 

480 V 

195 

480 V 

196 

480 V 

197 

4.16 Kv 

198 

13.8 Kv 

199 

13.8 Kv 

200 

480 V 

201 

13.8 Kv 

202 

480 V 

203 

13.8 Kv 

204 

480 V 


LBS 7-6 Industrial Bus 

LBS 726 Instrumentation Bus 

LBS ^ 751 M. L. Interface Instrumentation 

LBS # 753 M. L. Interface Instrumentation 

LBS 760 Industrial Bus 

LBS M 77^> Industrial Bus 

LBS jy 775 Industrial Bus 

Substation 825-I50 KVA Transformer 

Substation w 824-225 KVA Transformer 

Substation ^ 823 Transformer 

Substation jV 824 Transformer 

Substation w 823 Transformer 

Substation ^ 822 Transformer 

Substation w 826-1000 KVA Transformer 

Substation jy 827-300 KVA Transfomier 

Substation f 826 Transformer 

Substation / 827 Transformer 

Instrumentation Switchgear / 704 

LBS / 761 Instrumentation 

Substation 4 ! 628 Transformer 

1200 Kw Emergency Generator 

Substation # 888 Transformer 

Substation jy 924-2 Transformer 

Substation w 926 Transformer ”B" 

Substation # 950 Transformer 

Substation jy 1054 Transformer 

Substation jy 872 Transformer 

Substation f 1054-225 KVA Transformer 

Substation jj 883 Transformer 

Substation / 922 Transformer 

Substation f 873 Transformer 

Switching Station jf 1002 Instrumentation 

Bus 

Switching Station ^ 1002 Instrumentation 
Bus 

Substation 5^ 8 t 4 Qhransformer 

Substation ^ 925 Transformer ”B" 

Substation jy 875 Transformer 

Tie between Substation / 924-1 and 

Substation / 927 

LBS # 1024 Industrial 

Substation -U 878-30O KVA Transformer 

Substation 57^ 878 Transformer 

Switching Station 902 Industrial Bus / 1 

Substation ^ 67 Transformer 

Switching Station ^ 900 Industrial Bus ^ 2 

Substation ^ Transformer 


LAUNCHING COMPLEX 


Bus Code 

Voltage Level 

Netvork Location 

205 

13.8 Kv 

S\fitching S-*-atlon / 900 
Instrumentation Bus 

206 

13.8 Kv 

Svitching Station ^ 902 
Instrumentation Bus 

207 

48o V 

Substation 680 Trans fomnsr 

208 

13,^ Kv 

Substation ^ 884-45 K!VA Transformer 

209 

480 V 

Substation # 884 Transformer 

210 

480 V 

Substation j 

ff 887 Transformer 

211 

13.8 Kv 

Substation ; 

9 831-750 ^A Transformer 

212 

208 V 

LBS 719-22 

15 KVA Transformer 

215 

430 V 

Substation j 

7 831 Transformer 

2li^- 

13.8 Kv 

Substation ; 

^ 835-2000 KVA Transformer 

213 

480 V 

Substation ? 

y 855 Transfomner 

216 

13.8 Kv 

Substation j 

y 856-2000 KVA Transformer 

217 

480 V 

Substation j 

y 856 Transformer 

218 

15.8 Kv 

Substation ? 

y 837-2000 KVA Transformer 

219 

480 V 

Substation # 857 Transformer 

220 

13.8 Kv 

Substation j 

y 838-1500 KVA Transformer 

221 

480 V 

Substation ? 

« 838 Transformer 

222 

13.8 Kv 

Swltcbing Station # 900 
Industrial Bus / 1 

225 

15.8 Kv 

Substation / 922-750 KVA Transformer ' 

22if 

15.8 Kv 

Substation ^ 922-730 IWA Transformer ' 

225 

13.8 Kv 

Switching Station 1002 
Industrial Riis / 2 

226 

13.8 Kv 

Swltciiing Station 902 
Industrial Bus 7^ 2 

227 

48o V 

Substation / :X :2 Transformer "B" 

228 

13.8 Kv 

MSS Powe*' Interface Pad A 
Industrial Bus / 1 

229 

13.8 Kv 

Substation ^ 83 S *'300 KVA Transformer 

250 

J- 3 o V 

Substation / 357 Transformer 

251 

15.8 Kv 

Substation ^ 952 - 2 , 25OO/3125 KVA 
Transformer 

252 

480 V 

Substation ^ 952-2 Transformer 

233 

15.8 Kv 

Substi’-tion f 952 - 1 , 2000 KVA 
Trans I'ormer 

2 ^ 

480 V 

Substation jj 

955 Trans fomer 

235 

13 . 8 Kv 

Substation ^ 

95 5 “300 KVA Transformer 

236 

13.8 Kv 

Substation s 

/ y. J -2000 KVA Transformer 

237 

480 V 

Substation t 

/ 951 Transformer 

258 

13.8 Kv 

Subs tuition s 

'i 950-2000 KVA Trans fonrer 

239 

13.8 Kv 

Substation 926-750 KVA 
Trans foi-raor "A” 

240 

2.5,8 Kv 

Substation ^ 9 "‘- 8-750 KVA 
Transformer "B" 

24 l 

480 V 

SubstatiL-n ^ iy.V'i Ti’ansformer ’’A" 

242 

13.8 Kv 

Substation / 925~1C'00 KVA 
Transiormcr ”B" 
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(81) 


LAUNCHING 

Ca^PLEX 


Bus Code 

Voltage Level 

Netooi’K Location 

245 

480 V 

Substation ^ 925 Transformer "A” 

244 

13.8 Kv 

Substation ^ 925“1000 KVA 
Transformer "A" 

245 

13.8 Kv 

Substation ^ 924-1 ^ 25 OO KVA 
Transformer **A’' 

246 

4.16 Kv 

Substation 4 924-1 Transformer 

24? 

13.8 Kv 

Substation 4 924-2, 25 OO KVA 
Transformer "B” 

248 

13.8 Kv 

Substation -M 927"1500 KVA Transformer 

249 

4.16 Kv 

Substation 4 927 Transfozmer 

250 

13.8 Kv 

Substation 4 921-750 KVA 
Transformer “B" 

251 

13.8 Kv 

Substation 4 920-500 KVA 
Transfomer ”B*' 

252 

13.8 Kv 

Substation 4 921-750 KVA 
Transformer "A” 

255 

480 V 

Substation 4 920 Transformer "A” 

254 

480 V 

Substation 4 921 Transformer "A” 

255 

15.8 Kv 

Substation 4 954-500 KVA Transformer 

256 

203 V 

Substation 4 954 Transformer 

257 

15.8 Kv 

LBS 929 listrumentatxon 

258 

480 V 

Substetion 4 928 Mobile Launcher 
Industrial Transformer 

259 

48o V 

Substation 4 929 Mobile Launcher 
Instrumentation Transformer 

260 

4,0 V 

Substation 4 925 I'tobile Service 
Structure Transformer "A" 

261 

15.8 Kv 

Substation 4 9^3 Mobile Service 
Structure 2000 KVA Transformer "B” 

262 

13.3 Kv 

S\ 7 itching Station / 1001 Instrumentation 
Bus 

265 

15.8 Kv 

Swit cuing Station 4 1001 Industrial 
Bus 7 ^ 1 

264 

15.8 Kv 

S\^^itchinp Station / 1001 Industrial 
Bus 2 

265 

13.8 Kv 

Substation 4 1050-2000 KVA 
Transformer "B" 

266 

480 V 

Substation 4 1050 Transformer 

267 

13.8 Kv 

Substation 4 1050-2000 KVA Transformer “A' 

268 

13.8 Kv 

Substation / 1030-750 KVA Transformer 

269 

480 V 

Substation 4 IO 3 O Transformer 

270 

480 V 

Substation 4 IO 29 Transformer 

271 

13.8 Kv 

Substation 4 1029-750 KVA Transformer 

272 

13.8 Kv 

Substation 4 1023-500 KVA Transformer 2 

273 

480 V 

Substation 4 1023 Transformer 2 

274 

13.8 Kv 

Substation 4 1025-500 KVA Transformer 1 

275 

15.8 Kv 

Substation 4 1055-500 KVA Transformer 

276 

480 V 

Substation 4 7053 Ti-ansfoarmer 

277 

480 V 

Substation 4 1052 Transformer 2 


LAUNCHING 


Btjis Co&e 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

29!) 

295 

296 

297 

298 

299 

300 

301 

302 
505 

304 

505 

306 

507 

308 

309 

310 

311 

312 
315 

314 

315 

316 
31T 

318 

319 

520 

521 
322 
325 
324 


J 


( 82 ) 


CaMPLEX 


Voltage Level Network Location 


13.8 Kv 
13.8 Kv 

13.8 Kv 
480 V 
480 V 

15.8 Kv 

13.8 Kv 

13.8 Kv 
4.16 Kv 
4.16 Kv 

13.8 Kv 
13.8 Kv 
13.8 Kv 
48o V 
480 V 
480 V 

48o V 
48o V 
48o V 
4.16 Kv 
4.16 Kv 
13.8 Kv 
13.8 Kv 

13.8 Kv 
13.8 Kv 
13.8 Kv 
4.16 Kv 

48o V 
480 V 
480 V 
48o V 
48o V 
48o V 
48o V 
480 V 
480 V 
480 V 
48o V 
480 V 
480 V 
48o V 
480 V 
48o V 
480 V 
48o V 
480 V 
430 V 


Substation ^ 1053-2500 KVA 
Transformer 2 

Substation IO53-25OO KVA 
Timisfonner 1 

Substation ^ IO5I-I5OO KVA Transformer 
Substation # IO3I Transformer 
Substation M 1032 Transformer 
Substation ^ IO32-I5OO KVA Transformer 
Tie Feeders 4 606 and 4 8l2 For Mobile 
launcher Power Interface 
Substation 4 1020-2500 KVA Transformer 
Substation 4 1020 Transformer 
Substation 4 1020 Tie Between Substation 
3? 1020 and Substation 4 1021 
Substation 4 1021-2500 KVA Transformer 1 
Substation 4 1021-2500 KVA Transformer 2 
Substation 4 920-500 KVA Transformer "A" 
Substation 4 920 Transformer ”B" 
Substation § 921 Transformer "B" 
Substation 4 923 Mobile Service 
Structure Transformer 
Substation 4 1050 Transformer "A” 
Substation 4 1023 Transformer 1 
Substation 4 1052 Transformer 1 
Substation 4 1021 Transformer 1 
Substation 4 1021 Transformer 2 
Industrial Switchgear 4 TOl 
Switching Station 4 707 Feeder 4 8H 
Industrial Bus 
Indi;striaJL Switchgear 4 702 
Instrumentation Switchgear 4 705 
LBS 4 772 Industrial 
Substation 4 ®29 Utility Annex 
Transformer "B" 

Substation 4 853 VABR Transformer 
Substation 4 ^50 Transformer “B*' 
Substation 4 Transformer *'B" 
Substation 4 ^02 Transformer "B" 
Substation f 804 Transformer "B” 
Substation 4 818 Transformer ”B" 
Substation 4 820 LCC Transformer "B” 
Substation 57 806 Transformer 
Substation 4 Transformer 
Substation 4 8IO Transfoimer ”B” 
Substation 4 8I" Transformer "A" 
Substation 4 8OI Transformer ”B" 

Substa cion w 803 Transformer "B” 
Substation 4 821 LCC Transfoimer "B*‘ 
Substation 4 8l4 Transformer ”B'* 
Substation 4 T Transformer "B" 
Substation 4 8^>9 Transformer "A” 
Suostation 4 ®11 Transformer 
Substa ion 4 8l2 Transformer "B" 

Subst-: Lon 4 816 Transformer "B" 




1 


(83) 


LAUNCHING COMPLEX 


Bus Code Voltage Level Network Locati.on 


325 

13.8 Kv 

326 

13.8 Kv 

327 

480 V 

528 

4.16 Kv 

329 

480 V 

330 

480 V 

331 

480 V 

532 

480 V 

333 

480 V 

334 

4,16 Kv 

355 

4.16 Kv 

356 

430 V 

337 

4,16 Kv 

338 

4 .16 Kv 

359 

480 V 

54o 

13.8 Kv 

34i 

13.8 Kv 

342 

15.8 Kv 

343 

4.16 Kv 

344 

4.16 Kv 

345 

480 V 

546 

430 V 

547 

4.16 Kv 

548 

4.16 Kv 

549 

4.16 Kv 

350 

4.16 Kv 

351 

4.16 Kv 

352 

4,16 Kv 

355 

13.8 Kv 


LBS rjj 928-2 

MSS Interi'ace Pad A Industi'ial 
Btis 4- 2 

Substatioa 5^ 950 Between Substation 
4 950 snd Substation 5^ 951 
Substation 4i 924-1 Tie Between 
Substation 924-1 and Substation 4 92? 

Substation 4 952 Transformer 
Substation 4 952 Tie Between 
Substation 4 952 and Substation 5^ 953 
Substation f! IO3O Tie Between 
Substation 4 IO3O and Substation 4 IO29 
Substation # 10'^ Tie Between 
Substation 4 1032 and Substation 4 10 51 
Substation 4 1055 “11® Between 
Substation f 1035 sj^d Substation 4 1052 
2500 HP Induction Lox Pimg) at 
Substation 4 1021-1 
2C0 Hp Induction Lo:. Pun^) at 
Substation 4 1021-1 

F KVA Clutch 'Ihransfonner at Substation 
1021-1 

2500 HP Induction Lox PuBip at 
Subd'ation 4 1021-2 

200 HP Induction Loc Pump at Substation 
4 1021-2 

75 KVA Clutch Transformer at Substation 
4 1021-2 

Substation 4 828-225 KVA Transformer 
Substation 4 822-112.5 Transformer 
Substation 4 823-225 KVA Transformer 
1000 HP Induction ML Water Puc^i at 
Substation 4 92? 

500 HP Induction Pirex Pump at 
Substation 4 92? 

75 KVA Clutch Transformer at Substation 

4 924-1 

75 KVA Clutch Transformer at Substation 
4 924-2 

2500 HP Induction Lex Pump 4 1 

Substation 4 924-1 

200 IiP Induction Lox Pump / 2 at 

Substation 4 92^4-1 

2500 ra Induction Lox Pump / 2 at 

Substation 4 924-2 

300 HP Induction Lox Pump / 1 at 

Substation 4 

1000 ill Induction ML Water Pamp at 
Substat : on 4 1020 
400 HP uidxxction i'irex Pump at 
Substa: ion 4 1020 

Subsba- Ion 4 929 ^ Instrumentation 
1000 <\* Transformer 


LAUKCHDJG COMPLEX 


Bus 

Code 


Voltage Level 

35^ 

thru 

369 

48o 

V 

370 



480 

V 

371 

thru 

373 

480 

V 




480 

V 

575 





376 



480 

V 

577 

thru 

379 

480 

V 

580 



480 

V 

581 



480 

V 

382 



48o 

V 

383 



480 

V 

3814- 



480 

V 

385 



480 

V 

386 

thru 

391 

208 

V 

392 

thru 

409 

480 

V 

4io 



480 

V 

4n 

thru 

4i7 

480 

V 

4l8 



480 

V 

419 



208 

V 

420 

thru 

422 

48o 

V 

425 



208 

V 

424 

thru 

436 

480 

V 

437 

thru 

451 

480 

V 

432 

thru 

457 

480 

V 

458 



480 

V 

459 



208 

V 

460 

thru 

465 

480 

V 

466 

thru 

468 

480 

V 

469 



208 

V 

470 

thru 

477 

480 

V 

478 

thru 

481 

48o 

V 

482 



480 

V 

483 



208 

V 

484 

thru 

496 

480 

V 

487 

thru 

504 

480 

V 

505 



480 

V 

506 



208 

V 

507 

thru 

509 

480 

V 

510 



208 

V 

311 

thru 

513 

48o 

V 

516 



208 

V 

517 

thru 

524 

480 

V 

525 



208 

V 

526 



480 

V 

527 

thru 

559 

480 

V 

340 

thini 

5i|-5 

480 

V 

346 



480 

V 

5^+7 



208 

V 


Network Location 


Substation # 952 Low Voltage Network 
Substation ^ 955 Low Voltage Network 
Substation ^ 952 Low Voltage Network 
Substation j( 926 Low Voltage Network 
Not Used 

Substation ^ 926 Low Voltage Network 
Substation » 922 Low Voltage Network 
Substation ^ 925 Low Voltage Network 
Substation # 920 Low Voltage Network 
Substation # 921 Low Voltage Network 
Substation ^ 950 Low Voltage Network 
Substation 5? 951 Low Voltage Network 
Substation jj 95^; 150 KVA Transformer 
Substation ^ 95^ Low Voltage Network 
Substation 5^ 8OO Low Voltage Network 
Substation 57 8OO-IOOHP Chiller 
Substation ^ 8OI Low Voltage Network 
Substation j? 8Y1 Low Voltage Network 
Substation jf 87I Low Voltage Network 
Substation jf 870 Low Voltage Network 
Substation # 870 Low Voltage Network 
Substation 57 802 Low Voltage Network 
Substation ^ 803 Low Voltage Network 
Substation jj 812 Low Voltage Network 
Substation 57 885 Low Voltage Network 
Substation ^ 885 Low Voltage Network 
Substation 4 ®T5 Low Voltage Network 
Substation / 872 Low Voltage Network 
Substation 4 ^72 Low Voltage Network 
Substation 4 8o4 Lew Voltage N jtwork 
Substation 4 ^7^ Low Voltage Network 
Substation f 875 Low Voltage Network 
Substation 4 875 Low Voltage Network 
Substation 4 806 Low Voltage Network 
Substation 4 8^7 Low Voltage Network 
Substation 4 877 Low Voltage Network 
Substation 4 877 Low Voltage Network 
Substation 4 876 Loif Voltage Network 
Substation 4^ 876 Lew Voltage Network 
Substation 8o3 Low Voltagi,' Network 
Substation '5^' 808 Low Voltage Network 
Substation 4 808 Llw loltage Network 
Substation 4 808 Lew Voltage Network 
Substation 4 808-IOO HP (2iiller 
Substation 4 809 Low Voltage Network 
Substation 4 8l4 Low Voltage Network 
Not Used 

Substation 4 879 Low Voltage Network 


X 


1 


i 


1 


(85) 

LAUNCHING COMPLEX 



Bus Code 


Voltaee Level 


Netwo:'.< Location 


548 thru 550 

480 V 

551 

208 V 

552 thru 557 

480 V 

558 thru 570 

480 V 

571 thru 579 

480 V 

580 thru 583 

480 V 

584 

208 V 

585 

480 V 

586 thru 595 

480 V 

596 thru. 601 

480 V 

602 thru 609 

48o V 

610 tliru 611 

480 V 

612 thru 6l4 

460 V 

615 tliru 619 

480 V 

620 

480 V 

621 

480 V 

622 

480 V 

623 

480 V 

624 

480 V 

625 

480 V 

626 

480 V 

627 

480 V 

628 


629 


630 


631 

480 V 

652 

480 V 

655 thru 657 

480 V 

638 

480 V 

659 thru 64 0 

480 V 

64l thru 643 

208 V 

644 

208 V 

645 thru 649 

208 V 

650 thru 651 

48o V 

652 

480 V 

655 thru 654 

480 V 

655 thru 657 

480 V 

658 

208 V 

659 

480 V 

660 

480 V 

661 thru 663 

480 V 

664 

208 V 

665 thru 666 

480 V 

667 

208 V 

668 thru 678 

480 V 

672 

208 V 

675 thru 678 

48o V 

679 

208 V 

680 

48o V 


Substation 878 Low Voltage Network 
Subs ti'.t ion ^ 878 Low Voltage Network 
Substation ^ 881 Low Voltage Network 
Substation 5^ 81O Low Voltage Network 
Substation ^ 811 Low Voltage Network 
Substation ^ 880 Low Voltage Network 
Substation ^ 884 Low Voltage Network 
Substation 57 884 Low Voltage Network 
S-abstation m 8l3 Low Voltage Network 
iiubstation ^ 816 Low Voltage Network 
Substation ^ 817 Low Voltage Network 
Substation # 887 Low Voltage Network 
Substation ^ 887 and Substation / 818 
Low Voltage Network 
Substation ^ 85O Low Voltage Netwoi’k 
Substation f 850-125 HP WC Fan § 5 
Substation / 85O-125 HP WC Fan # 6 
Substation ^ 850-75 HP WC Fan 1 
Substation « 65O Low Voltage Network 
Svibstation ^ 85O-75 HP WC Fan ^ 2 
Substation ^ 650-75 HP WC Fan ^ 5 
Substation ^ 850-75 HP WC Fan ^ 4 
Substation ^ 855 Low Voltage Network 
Not Used 
Not Used 
Not Used 

Substation ^ 855 Low Voltage Network 
Substation ^ 322 Low Voltage Network 
Substation # 825 Low Voltage NeU,'crk 
Substation M 825 Voltage Netv^ork 
Substation » 859 Voltage Network 
Substation # 827 Low Voltage Netvrork 
Substation ^^828 Low Voltage Network 
Substation ^ 851 Low Voltage Network 
Substation ^ 851 Low- Voltage Network 
Substation 5V 832 Loir Voltage Network 
Substation ^ 319 Voltage Network 
Substation ^ 858 Lor Voltage Network 
Substation ^ 826 Lo Voltage Network 
Substation ^ 826 Lo Voltage Network 
Substation ^ 1054 1 ' Voltage Network 
Substation 5^ 820 LCC Low Voltage Network 
Substation ^ 820 LCC Low Vol-tage Ne-twciwi 
Subs'bation # 820 LCC Low Voltage Network 
Substation ^ 820 LCC Low Voltage Network 
Substation # 820 lUC Low Voltage Network 
Substation S20 LCC Low Voltage Network 
Substation ^ 821 LCC Low Voltage Network 
Substation / 821 LCC Low Voltage Network 
Substation ^ 832 Low Voltage Ne-twork 


X 


J 


(86) 

LAUNCHING COMPLEX 



Bus Code Voltage Level Netwo-^k Location 


681 


682 

480 V 

683 

480 V 

684 


685 

480 V 

686 

480 V 

687 


688 

480 V 

689 thru 691 

480 V 

692 

208 V 

693 thru 696 

480 V 

69? 

48o V 

698 thru 701 

480 V 

702 thru 704 

480 V 

705 


706 thru 7OT 

480 V 

708 

208 V 

709 

48o V 

710 thru 711 

480 V 

712 

208 V 

TI5 

480 V 

714 thru 715 

208 V 

716 thru 717 


718 thru TI9 

480 V 

720 tliru 722 

480 V 

723 thru 729 


750 

480 V 

751 

480 V 

732 thru 900 


901 

13.8 Kv 

902 

13.8 Kv 

905 

13.8 Kv 

904 

13.8 Kv 

905 

13.8 Kv 


Not U.-.ed 
Subst.tion 855 

Substation jy 856 Lovr Voltage Network 
Not Used 

Substation ^ 856 Low Voltage Network 
Substation ^ 836 Low Voltage Network 
Not Used 

Substation ^ 836 Low Voltage Network 
Substation # 1052 Low Voltage Network 
Substation # 1052 Low Voltage Network 
Substation ^ 1052,^ Low Voltage Network 
Substation # 1052^ow Voltage Network 
Substation # 1052 Low Voltage Network 
Substation ^ 1032 Low Voltage Network 
Not Used 

Substation jj I03I Low Voltage Network 
Substation jV IO31 Lew Voltage Network 
Substation # 1029 Low Voltage Network 
Substation ^ IO3O Low Voltage Network 
Substation ^ IO50 Lew Voltage Network 
Substation f IO5O Low Voltage Network 
Substation ^ 1021 Low Voltage Network 
Not Used 

Substation -M 1030 Low Voltage Network 
Substation ^ 1052 Low Voltage Network 
Not Used 

Substation 5^ 952 Low Voltage Network 
Substation # 922 Low Voltage Network 
Not Used 

LBS 5^ 7U2 No Tie with LBS jf 725 

IiBS f 928 ML Interface 

LBS 922 MSS Interface 

Switcl:iing Station ^ 1002- No-CB to ML 

Ind. Interface from Ind. Bus ^ 2 

ML Power Interface Feeder from Switching 

Station ^ 1002 Instrumentation Bus 


'VI 


LAUNCHBIG 


B us Code 
2 C 26 

2098 

2099 
2101 

2102 

2105 

2104 

2105 

2106 

2107 

2108 

2109 
2U0 
2111 
2112 
2115 
2 H 4 

2115 

2116 

2117 

2118 

2119 

2120 
2121 
2122 

2123 

2124 

2125 

2126 

2127 

2128 

2129 

2130 


( 8 T) 

CCMPLEX 


Voltage Level 

Network Location 

13.8 Kv 

Ihiiv. Camera Pad 5/ 12 , 75 KVA 
Transformer 

13.8 Kv 

Signal System Traffic, I5 KVA 
10 Transformer 

120/240 V 

Signal System Traffic Transformer 

120/240 V 

Consv. Stor H 5 - 1571 j 25 KVA 
10 Ti’ansfoimer 

13.8 Kv 

Consv. H5-I72I, 30 KVA 

10 Transformer 

120/240 V 

Consv. HQ H5-I721 Transformer 

13.8 Kv 

Itoiv. Camera Pad / 13 ; 3 x 15 KVA 
Transformers 

208 V 

Univ. Camera Pad / 13 j 3 ^15 KVA 
Transformers 

13.8 Kv 

54 WT 9 -H 4 - 1723 , 10 KVA 10 Transformer 

120/240 V 

54WT9-H4-I723, 10 KVA 10 Transformer 

13.8 Kv 

Temp Guard Shack, 5 Kl^'A 1 ^ 
Transfonner 

120/240 V 

Temp Guard Shack, 5 KVA 10 
Transformer 

13.8 Kv 

Railroad Crossing, 10 KVA 10 
Transformer 

120/240 V 

Railroad Crossing, 10 KVA 10 
Transformer 

13.8 Kv 

Consv. Stor. H5-I57I, 23 KVA 
10 Transformer 

13.68 Kv 

Mosquito Control Puaro, 3 x 37.5 KVA 
Transformers 

208 V 

Mosquito Control Pump, 3 x 37-5 KVA 
Transformers 

13.8 Kv 

Railroad Signal, 10 KVA 10 Transfonner 

120/240 V 

Railroad Signal, 10 KVA 10 Transformer 

15.8 Kv 

Consv. Bldg. H 5 - 1444 , 15 KVA 10 
Transformer 

120/240 V 

Cons/. Bldg. H5-I444, 13 KVA 10 

Transformer 

Not Used 

Not Used 

13.8 Kv 

H 559 j 5 X 15 IW'A Transformers 

480 V 

H 559 ) 5 X 15 KVA Transfonners 

13.8 Kv 

H583, 23 KVA 10 Transformer 

120/240 V 

H383, 25 KVA 10 Transformer 

13.8 Kv 

Rec Area, 13 iWA 10 Transformer 

120/240 V 

Rec Area, 15 KVA 10 Transformer 

13.68 Kv 

Halouver Canal E 4 - 24 i 4 , 3 x 23 KVA 
Transformers 

480 V 

Halouver Canal E 4 - 2414 , 3 25 KVA 

Trans f 3 rmer s 

13.8 Kv 

34 WT 10 , 10 KVA 10 Transformer 

120/240 V 

54 Wno, 10 KVA 10 Transformer 


t 


t 


( 88 ) 


MUNCHING COMPLEX 


Bus Code 

Voltage Level 

2131 

13.8 Kv 

2132 

208 V 

2133 

13.8 Kv 

2154 

208 V 

2155 

15.8 Kv 

2136 

208 V 

2137 

13.8 Kv 

2138 

208 V 

2139 

13.8 Kv 

2 l 40 

120/240 V 

2 l 4 l 

13.8 Kv 

2142 

120/240 V 

2143 

15.8 Kv 

2144 

120/240 V 

2145 

13.8 Kv 

2146 

120/240 V 

2147 

13.8 Kv 

2148 

208 V 

2149 

15.8 Kv 

2150 

208 V 

2151 

13.8 Kv 

2152 

208 V 

2153 

13.8 Kv 

2154 


2155 

13.8 Kv 

2156 

13.8 Kv 

2157 

13.8 Kv 

2158 

13.8 Kv 

2159 

13.8 Kv 

2160 

13.8 Kv 

2161 

13.8 Kv 

2162 

15.8 Kv 

2163 

13.8 Kv 

2 i 64 

13.8 Kv 

2165 

13.8 Kv 

2166 

13.8 Kv 

2167 

13*8 Kv 

2168 

13.8 Kv 

2169 

13.8 Kv 

2170 thru 

2171 13.8 Kv 

2172 

13.8 Kv 


Netvrork Location 

LBS ^ 5OT and Univ, Cam Pad / 4 , 

75 KVA !Eraiisfoniier 

Uhiv. Gam Pad / 4 Transformer 

LBS 508 Univ* Cam Pad ^ 1 , 

75 KYA Transformer 

Uhlv. Cam Pad ^ 7 Transformer 

LBS ^ 310 

Univ. Cam Pad ^ 12 Transformer 
U 80 , 5 ^ 15 KVA Transformers 
W 80 j 3 X 15 KVA Transformers 
Astro Beach House, I5 KVA 10 
Transformer 

Astro Beach House, I5 KVA 10 
Transformer 

^f 91-10 KVA 10 Transformer 
W 91-10 KVA 10 Transforaer 
Temp Gate 5^ 6, 10 KVA 10 
Transformer 

Temp Gate 6 , 10 KVA 10 
Transformer 

W 226 , 10 KVA 10 Transformer 
M 226 , 10 KVA 10 Transformer 
Univ. Cam Pad / 5 , 45 KVA Transformer 
Univ Cam Pad / 5 , 45 KVA Transformer 
50OWTI, 3 X 25 KVA Transformers 
5OOWTI, 3 X 25 KVA Transformers 
LBS 50 304 and lAiiv Cam Pad / I6, 

45 KVA Transformer 
Univ Cam Pad 50 16 Transf ^rmer 
GGO-lOO, NO Switch to FPLCO 
Not Used 

G892-KC Fused Switch 
G 633 -NC Fused Switch 
G 612 

G8II-NC Fused Switch 

G 802 

H50I 

Wilson Recloser 

High Resolution Tracker -0 1 , 45 KVA 

LBS 0 505 

N260 

Piaylinda Sectionalizer 

LBS ^ 509 

W 79 

W73TF-H0- Fused Switch to CKAFS 

H504 

Industrial Area System 

54 WT 8 , J6-I869, 15 KVA 10 Transformer 


^ \ \ \ \ \ I i p 


( 89 ) 


LAUNCHING COMPLEX 


Bus Code 

Voltage Level 

Network Location 

2175 


120/240 V 

54 WT 8 , J6-1869, 15 KVA 10 Transformer 

2174 

thru 2196 


Industrial Area System 

2197 


15.8 Kv 

FCA Mohile Site, 25 KVA 10 
Transformer 

2198 


120/240 V 

FCA Mobile Site, 25 KVA 10 
Transformer 

2199 


15.8 Kv 

Ifciiversal Cam Pad ^ l 4 , 43 KVA 
Transformer 

2200 


208 V 

Universal Cam Pad / l 4 , 43 KVA 
Transformer 

22 C 1 


15.8 Kv 

Van Area, 112 l /2 KVA Transformer 

2202 


208 V 

Van Area, 112 1/2 KVA Transformer 
High Resolution Tracker ^ 1 
Transformer 

2205 


208 V 

2204 


15.8 Kv 

Weather Substation ”B'', 75 KV^ 
Transformer 

2205 


208 V 

Weather Substation "B", 75 KVA 
Transformer 

2206 

thru 2209 

208 V 

Indiistrial Area System 

2210 


15.8 Kv 

LBS / 503 

2211 


13.8 Kv 

LBS / 302 

2212 

thru 2914 


Industrial Area System 

2915 


15.8 Kv 

LBS ^ 301 -No Switch to 3 x I67 KVA 
Voltage RegiuLators 

2916 


15.6 Kv 

FUse Switch on Tie between G 802 
and H 50I 

2917 


13.8 Kv 

Tie between G 802 and H 5OI 
Normally open 


X 


f 


I 


1 


f 


(90) 


mOUSTKIAL AREA 


Bus Cede 

Voltage Level 

Network Location 

4 

115 Kv 

Orsino Substation - FPLCO Primary Loop 

aoo8 

13.2 Kv 

Orsinj Substation - Main Industrial. 
Biis 1 

2009 

13.2 Kv 

Orsino Substation - Main Industrial 
Bus 5^ 2 

2010 


Not Used 

2011 

15.2 Kv 

Orsino Substation - Main Instrumentation 
Bus 

2012 

15.2 Kv 

LBS ^ 54 

2013 

13.2 Kv 

■LBSi 9 

2014 

13.2 Kv 

LBS # 45 

2015 

13.2 Kv 

LBS 22 

2016 

13.2 Kv 

las ^ 1 

2017 

13.2 Kv 

WYE on FD 202 at MH 37 

2018 

13.2 Kv 

WYE on FD f 203 at MH 57 

2019 

13.2 Kv 

IBS / 56 

2020 

13.2 Kv 

WYE on FD 209 at MH I9 

2021 

13.2 Kv 

LBS ^ 15 

2022 

13.2 Kv 

WYE on FD 205 at MH 38 

2023 

13.2 Kv 

WYE on FD ^ 204 at MH 58 

2024 

13.2 Kv 

LBS 44 

2025 

13.2 Kv 

LBS ^ 38 

2026 

13.2 Kv 

Launching Complex System 

2027 

13.2 Kv 

Substation CRB - NC Fuse Switch 

2028 

13.2 Kv 

CKAFS Power Interface Switching Cubicle 

2029 

13.2 Kv 

LBS ^53 

2050 

13.2 Kv 

Visitors Information Center 
750 KVA Transformer 

2031 

13.2 Kv 

OCR Recloser 

2032 

13.2 Kv 

LBS ^ 52 

2033 

13.2 Kv 

LBS / 53 

2034 

13.2 Kv 

LBS # 60, GIF M6-342 Primary Bus 

2035 

13.2 Kv 

LBS 4 

2036 

15.2 Kv 

GIF Actenna Site Primary Bus 

2057 

13.2 Kv 

LBS / 24 

2038 

13.2 Kv 

RF Systems Test FAC, 75O KVA Transformer 

2039 

13.2 Kv 

LBS ^ 25 

2040 

13.2 Kv 

ECS ^ 1 , 500 KVA Transformer 

2041 

13.2 Kv 

ECS / 1, 500 KVA Transformer 

2042 

13.2 Kv 

LBS ^ 26 

2043 

13.2 Kv 

Fluid Test Support, 225 KVA Transformer 

2044 

13.2 Kv 

Fluid Test Support, 5OO KVA Transformer 

2045 

13.2 Kv 

LBS ^ 27 

2046 

13.2 Kv 

HypergoLic Test ^ 2, 750 KVA Transfomner 

2047 

13.2 Kv 

HypergclicTest / 1, 5OO KVA Transformer 

2048 

13.2 Kv 

LBS ^ 23 

2049 

13.2 Kv 

Cryogenic Test ^ 1, M7-l4l2, 15O KVA 

2050 

15.2 Kv 

LBS # 54 


Nl ! f 1 1 ! / ^ f 


(91) 


DffiUSTKIAL AREA 


Bus Code 

Voltage Level 

Ketwcrk Location 

2051 

15.2 Kv 

LBS jj 51 


2052 

13.2 Kv 

Cryogenic Test ^ 2 , M 7 "l 4 lOj 5OO KVA 
Transformer 

2053 

15.2 Kv 

OCR ^ 13-14 Recloser 

2054 

15.2 Kv 

0 rdnan.ce Lab, M 7 -l 4 l 7 , 225 KVA 
Transformer 

2055 

15.2 Kv 

LES 4 35 

2056 

15.2 Kv 

Pyrotechnic Inst. M 7 ~l 469 j 1000 KVA 
Transformer 

2057 

15.2 Kv 

LBS / 57 

2058 

13.2 Kv 

Ordnance Stor. Bldg. M 7 - 1472 , I50 KVA 
Transformer 

2059 

15.2 Kv 

Reelosure By-Pass and East Repeater 
/ 1 , 3 -’!• 23 KVA Transfonners 

2060 

15.2 Kv 

LBS 2 

2061 

13.2 Kv 

Central Supply Complex M6-698, 
150 KVA Transformer 

2062 

13.2 Kv 

Service Station, I5 KVA 10 Transformer 

2065 

13.2 Kv 

LBS LL 

2064 

13.2 Kv 

Fire Station, 112 l /2 KVA Transformer 

2065 

13.2 Kv 

LBS 12 

2066 

13.2 Kv 

Central Sup:)ly FAC M 6 - 744 , 500 KVA 
Transfonner 

2067 

13.2 Kv 

Central Supply Annex, 300 KVA 
Transformer 

2068 

13.2 Kv 

Heat Plant M 6 - 595 , 300 KVA Transformer 

2069 

15.2 Kv 

Sewage Plant Off, M 6 - 895 j H 2 I/2 IWA 
Transfonner 

2070 

13.2 Kv 

LBS / ^9 

2071 

13.2 Kv 

LBS #3 

2072 

15.2 Kv 

Paint and Oil Stor. M 6 - 894 , 43 KVA 
Transformer 

2075 

13.2 Kv 

Supply Whouse, M 6 - 79 ^, 300 KVA 
Transf 02nner 

2074 

13.2 Kv 

Comm, Main and Stor, M 6 - 791 j 300 KVA 
Transformer 

2075 

15.2 Kv 

LBS ji 46 

2076 

15.2 Kv 

Auto Vehicle M 6 - 688 , 500 KVA Transformer 

2077 

13.2 Kv 

Security Patrol, M6-589, 112 l /2 KVA 
Transf onaer 

2078 

13.2 Kv 

LBS 7 

2079 

13.2 Kv 

LBS #13 

2080 

13.2 Kv 

LBS ^ 19 

2081 

13.2 Kv 

WYE on FD 202/203 at MH M 79 

2082 

13.2 Kv 

WYE on FD ^ 202/203 at Mrl ^ 80 

2085 

13.2 Kv 

LBS 4 15 -^fo &7itch on FD # 212 

2084 

13.2 Kv 

KSC Headquarters USS 4 2 D, I5OO KVA 
Transf 327 mer 

2085 

13.2 Kv 

KSC Headquarters USS 5 / IB, I5OO KVA 
Transf rnnei* 


INDUSTRIAL AREA 


Bus Code 

Voltage Level 

Hetavcrk Location 

2086 thru 209I I5.2 Kv 

Indian River System 

2092 

480 V 

Unified S Band M 5 - 1544 , Utility Box 

2095 

13.2 Kv 

Ifoifisd S Band, 300 KVA Transformer 

209 ^^ 

13.2 Kv 

Unified S Band, 75 ^ KVA Transformer 

2095 

480 V 

Visitors Information Center Transformer 

2096 


Indian River System 

2097 

13.2 Kv 

Primary Bus of liiified S Band Transforme 

2100 

13.2 Kv 

Orsino Critical Bus 

2098 thru 2169 


Launcning Complex ^stem 

2170 

13.2 Kv 

13 S 48 and 54 Wr 6-15 KVA 1 ^ 

Transformer 

2171 

120/240 V 

54 WT 6 ; B 6-73 Transformer 

2172 thru 2175 


Launchiing C ample x System 

2174 

13.2 Kv 

LBS ^ 36 and 54 WT 5 -K 6 - 2274 , 15 KVA 
10 Transformer 

2175 

120/240 V 

54WT3 Transformer 

2176 

13.2 Kv 

LBS ^ 75 Guard House 13 KVA 

10 Transformer 

2177 

120/240 V 

Guard House Transformer 

2178 

13.2 Kv 

LBS 3/ 10 and South Repeat St 
112 1/2 KVA Transformer 

2179 

208 V 

Sevra-ge Treatment Plant 45 KVA 
Trans fonner 

21S0 

13.2 Kv 

Cathodic Protection I3 K 7 A 10 
Transformer 

2181 

120/240 V 

Cathodic Protection 15 KVA 10 
Transformer 

2182 

13.2 Kv 

Reclarsation Off, 15 KVii 10 Transformer 

21S5 

120/240 V 

Reclamation Off, 15 KVA 10 Transformer 

21 - 84 . 

13.2 Kv 

Reclamation Bldg. M 6 - 1671 , 37 l /2 KVA 
10 Transformer 

21S5 

120/240 V 

Reclaration Bldg. M6-I67I, 37 l /2 KVA 
10 Transformer 

21S6 

15.2 Kv 

LBS j/ 50 Universal Camera Pad. ^ I8, 

75 KVA Transformer 

2187 

208 V 

Universal Camera Pad ^ I8 Transformer 

2188 

13.2 Kv 

frequency Control L 5 ~^ 3 j 500 KVA 
Transformer 

2189 

480 V 

Frequency Control 1^5 ''685 ^ 500 KVA 
Transformer 

2190 

480 V 

Traffic Control 75 KVA Transformer 

2191 

13.2 Kv 

WYE on FD ^ 211 at MH I65 and Water 
Pump Station 

2192 

480 V 

Water Pump Station 112 l /2 KVA 
Transformer 

2193 

13.2 Kv 

Pass a;^d I.D. Bldg. HC-IOO9 75 KVA 
Transformer 

2194 

208 V 

Pass and I.D, Bldg. NC -1009 75 KVA 
Transformer 


INDUSTRIAL AREA 


Bus Code 

Voltage Level 

Network Location 

2195 


13.2 Kv 

OCR- 11-12 Recloser 

2196 


208 V 

South Repeat Station 11.2 l /2 KVA 
Transformer 

2197 thru 2205 


Launching Complex System 

2206 thru 2207 


Not Used 

2208 


13.2 Kv 

Sand Blasting FAC 5 ^ 50 ^^A 
Transformers 

2209 


480 V 

Sand Blasting FAC MG -1622 Transformer 

2210 

thru 2211 


Launching Complex System 

2212 

thru 2213 


Not Used 

2214 


13.2/13.8 Kv 

3 X 167 KVA Voltage Regulators 
Industrial Area-Launching Complex 
Interface 

2215 


13.2 Kv 

LBS 5^ 47 

2216 


13.2 Kv 

P8 I^ed Switch 

2217 


13.2 Kv 

Sewage Treatment Riant 45 KVA 
Transformer 

2218 


13.2 Kv 

LBS ^ 45 and Univ Cara Pad ^ I5 , 
75 KVA Transformer 

2219 


208 V 

Ihiv Cam Pad ^ I5 Transformer 

2220 


15.2 Kv 

54 WT 1 j L7-988, 3 X 37 1/2 KVA 
Transformers 

2221 


480 V 

54 Wn, L7-988, 5 X 37 1/2 KVA 
Transformers 

2222 


13.2 Kv 

FCA Mobile Site 1 , L 7 - 2242 , 25 K 7 A 
1 ^ Transformer 

2225 


120/240 V 

FCA Mobile Sitel, 17 - 2242 ^ 25 KVA 
10 Transformer 

2224 


13.2 Kv 

LBS 5^ 40 

2225 


120/240 V 

54 ^'/I 2 j M 7 “ 335 j 15 KVA 10 Transformer 
Universal Cam Pad 2 , 75 KVA 
Transformer 

2226 


208 V 

2227 


208 V 

E^st Ropeater 1 , 3 x 25 KVA 
Transformers 

2228 


13,2 Kv 

News Center 5OO KVA Transformer 

2229 


208 V 

News Center Transformer 

2250 


13.2 Kv 

WYE on FD ^ 208 and Prinary Bus 
Supply and GSE Service 

2231 


48c V 

Supply and GSE Sezvice Transi’ormer j/ 2 A 

2232 


480 V 

Supply and C-SE Service Transformer ^ lA 

2253 


13.2 Kv 

WYE on FD ^ 208 and Primary'’ Bus Supply 
Shipping West 

2234 


208 V 

Supply, Shipping West Transformer / 2 

2255 


480 V 

Supply , Shipping V/est Transformer 1 

2256 


13.2 Kv 

Fii^dit Crew Training lOCO KVA 
Transformer SS-B 

2237 


15.2 Kv 

Flight Crew Training SS-C and A 
Transf oimers 


mOUSERIAL AREA 


Bvts Code 

Voltage Level 

2258 

480 V 

2259 

208 V 

2240 

480 V 

2241 

15.2 Kv 

2242 

48o V 

2245 

15.2 Ev 

224^1 

15.2 Ev 

2245 

15.2 Kv 

2246 

15.2 Kv 

224T 

15.2 Kv 

2248 

15,2 Kv 

2249 

15.2 Kv 

2250 

480 V 

2251 

480 V 

2252 

480 V 

2255 

480 V 

2254 

480 V 

2255 

480 V 

2256 

480 V 

2257 

48o V 

2258 

480 V 

2259 

480 V 

2260 

208 V 

2261 

48o V 

2262 

208 V 

2265 

480 V 

2264 

480 V 

2265 

208 V 

2266 

208 V 

2267 

15.2 Kv 

2268 

480 V 

2269 

480 V 

2270 

480 V 

2271 

2.4 Kv 

2272 

15.2 Kv 

2275 

2.4 Kv 

2274 

2.4 Kv 

2275 

480 V 

2276 

208 V 

2277 

208 V 




(git) 


Network Location 

Plight Crew ilraining SS-A 
Dransfoimer (15OO KVA) 

Fligtit Crew lErainiiig Transformer 
SS-B (1000 KYA) 

Plight Crew Trainijag SS-C 
Transformer (750 KVA) 

WYE on PD 5^ 208 and Orsino Bridge 

(Ekst) ng 1/2 KVA Transformer 

Orsino Bridge (ihst) M7-II5O 

Trans fom.er 

]YBS / 25 

DBS # 20 

LBSy^ IT 

LBS 4 21 

LBS #59 

LBS # Jfl 

LBS 4 42 

Fluid Test Suppoarb Transformer ^ 2 
(500 KVA) 

Fluid Test Support Transformer / 1 
(225 KVA) 

ECS # 1 Transformer 5^ 1 C5OO KVA) 
ECS # 1 Transfoiner ?y 2 (500 KVA) 
BP S^tems Test PAG Transformer 
Hypergolic Test 5^ 2 Transformer 
H^ergolic Test # 1 Transformer 
Cryogenic Test / 2 Transformer 
Ordnance lab Tr^sformer 
Pyrotechnic Tnatal Transformier 
Ordnance Storage Transformer 
Sewage Plant Off Transformer 
Paint and Oil Storage Transformer 
Supply Warehouse Transformer 
Comm Jfe,int and Stor, Transformer 
Auto Vehicle Maint. 

Security Patrol 
LBS ^ TO 

Generator 1 500 KVA Transformer 
Generator Substation T50 
Transformer 

CiP M6-542 . 500 KVA Transformer 
Chillers 1 and ^ 2 at GIF 
GIF 1500 ^A Transformer 8 
GIF 1500 KVA Transformer # 8 
OIF 1500 KVA Qhans, former J 
CIF 2000 WA TransfOiiner # 6 
CIE 1000 KVA Transformer # 5 
GIF 1000 KVA Transformer # 4 


( 95 ) 


INDOS^ERIAL ABEA 


Bus Code 

Voltage Level 

Hetwork Location 

2278 

13.2 Kv 

I£S ^ 69 ajad PrimaiTy Bus FD ^ 102 
at GIF 

2279 

13.2 Kv 

LBS 5^ 69 and Prjjnajry Bus FD I03 
at OIF - . 

2280 

13.2 Ktt 

LBS / 71 ir.C. Switdi 

2281 

13.2 Kv 

GIF 1000 KVA Qiiransf owner ^ 3 

2282 

208 V 

GIF 1000 KVA ^Erauaf owner / 3 

2285 

15.2 Kv 

GIF 1000 KVA Qnsnsformer f 2 

2281j. 

208 V 

GIF 1000 KVA ^Bransf ormer ^ 2 

2285 

13.2 Kv 

GIF 1000 KVA QJransf owner # 1 

2288 

208 V 

GIF 1000 KVA Vransfoaner jf 1 

2287 

13.2 Kt 

IBS #5 

2288 

13.2 Kv* 

IBS # 7 a„ 

2289 

2.4 Kv 

Chiller # '5 at CIP 

2290 

2.4 Kv 

Chillers ^ 1 aod 2 Stajfters 

2291 

2.4 Kv 

Substation ” 0 A" Bias 

2292 

480 V 

Substation ” 0 B" 1000 KVA 3f2ransformer 

2295 

13.2 Kv 

FD ^ 202 Prisnaiy Bus at Substation " 0 A‘ 


* *? 


( 96 ) 


IKDUSimiAL AREA 


Bus Code 

Voltage Level 

Hetvroi’k Location 

2294 

13.2 Kv 

Prinary Bus FD ^ 204 at Substation "1 

2295 

13.2 Ev 

Substation 

West 

"OA" 

2000 KVA Transformer 

2296 

13.2 Ev 

Substation 

East 

"OA" 

2000 K 7 A Transformer 

229 T 

2.4 Ev 

Substation 

East 

” 0 A» 

2000 KVA Transformer 

2298 

2.4 Ev 

Substation 

"OA" 

Transformer West 

2299 

13.2 Ev 

Substation 


500 KVA Tiansf ormer 

23 CX) 

208 V 

Substation 


300 KVA Transformer 

2501 

13.2 Kv 

Substation 

”WL” 

790 KVA Transformer 

2502 

480 V 

Substation 

”WL” 

730 KVA Transformer 

2303 

13.2 Kv 

Substation 

"WK" 

500 KVA Transformer 

2304 

208 V 

Substation 

"WK” 

300 KVA, Transformer 

2305 

13.2 Kv 

Substation 


225 KVA Transformer 

2306 

208 V 

Substation 

"WH" 

223 KVA Transformer 

2507 

13.2 Ev 

Substation 

”WG" 

500 KVA Transformer 

2308 

480 V 

Substation 

"WG" 

300 KVA Transformer 

2309 

13.2 Kv 

Substation 

”EA*' 

130 KVA Transformer 

2310 

208 V 

Substation 

«ea” 

130 KVA Transformer 

2311 

13.2 Kv 

Substation 

"EB” 

150 KVA Transformer 

2312 

208 V 

Substation 


130 KVA Transformer 

2315 

13.2 Kv 

Substation 

"ED" 

130 KVA Transformer 

2314 

208 V 

Substation 

"ED" 

150 KVA Transformer 

2315 

13.2 Kv 

Substation 

"EC” 

300 KVA Transformer 

2516 

480 V 

Substation 

“EC” 

300 KVA Transformer 

2317 

13.2 Kv 

Substation 

“OY** 

750 KVA Transformer 

2318 

480 V 

Substation 

”01" 

730 KVA Transformer 

2319 

13.2 Kv 

Substation 

"EE" 

500 KVA Transformer 

2320 

480 V 

Substation 

"EE" 

300 KVA Transformer 

2521 

13.2 Kv 

Substation 

“OS” 

500 KVA Transformer 

2322 

208 7 

Substation 

"OS" 

300 KVA Transformer 

2323 

13.2 Ev 

Substation 

"WA" 

300 KVA Transformer 

2324 

208 7 

Substation 

"WA" 

300 KVA Transformer 

2325 

13.2 Kv 

Substation 

"WB" 

300 KVA Transformer 

2326 

208 7 

Substation 

"WB" 

300 KVA Transformer 

2327 

15.2 Kv 

Substation 

’VC" 

500 KVA Transformer 

2328 

480 7 

Substation 

"WC" 

500 KVA Transformer 

2329 

13.2 Kv 

Substation 

"WD" 

300 KVA Transformer 

2330 

208 V 

Substation 

"WD" 

500 KVA Transformer 

2551 

15.2 Kv 

Substation 

"WE" 

300 KVA Transformer 

2332 

208 7 

Substation 

"VJE" 

300 KVA Transformer 

2533 

15.2 Kv 

Substation 


300 KVA Transformer 

2334 

208 7 

Substation 

"wf" 

500 KVA Transformer 

2335 

13.2 Kv 

Primary Bus 
”w '* 

Vf ■ • • 

Primary Bus 


( 202-8 at Substation 

2336 

13.2 Ev 

FD ^ 204-6 at Substation 




( 97 ) 


INDUSTRIAL AREA 


Bus Code 

Voltage Level 

Network Location 

2537 

13.2 Kv 

Prianary Bus FD 202-8 at Substation 

”vr.. 

Primn.ry Bus ED ^ 202-8 at Substation 

Prlma.w Bus ED ^ 204-6 at Substation 

"tf.. 

on ED ^ 204-6 at ME 83 

2558 

13.2 Kv 

2339 

13.2 Kv 

2340 

13.2 Kv 

2341 

13.2 Kv 

WYE on ED # 202-8 at 3 VB 83 

2342 

13.2 Kv 

Substation ”EE” ED 204-6 N.C. 

2343 

15.2 Kv 

Substation "EE" ED # 202-8 N.O. 

2344 

13.2 Kv 

LbS # 58 

2545 

13.2 Kv 

LBS # 37 

2346 

15.2 Kv 

Pritnary Bus ED ^ 202-8 "E. . 

2347 

13.2 Kv 

Primary Bus ED § 204-6 

2348 

13.2 Kv 

Primary Bus ED ^ 204-6 at CB Station 

2349 

13.2 Kv 

Substation ” 0 A" Primary Bus ED ^ 202 -i 
and ^ 202-7 

2350 

2.4 Kv 

Chiller / 102 at Substation "OA” 

2351 

2,4 Kv 

Chiller 4 1^3 s-'b Substation “OA” 

2352 

2.4 Kv 

Chiller 4 Substation ” 0 A" 

2355 

13.2 Kv 

Substation "Z" 300 KVA Transformer 

2354 

208 V 

Substation ”Z” 300 KVA. Transformer 

2355 

13.2 Kv 

Substation "Y" 300 KVA Transformer 

2356 

480 V 

Substation 3^0 KVA Transformer 

2557 

13,2 Kv 

Substation ”V" 3OO KVA Transformer 

2358 

208 V 

Substation ”V” 300 KVA Transformer 

2339 

15.2 Kv 

Substation "X" 300 KVA Transformer 

2360 

20S V 

Substation 300 KVA Transformer 

2561 

13.2 Kv 

Substation "W“ 300 KVA Transformer 

2562 

208 V 

Substation “W” 5OO KVA Transformer 

2565 

15.2 Kv 

Substation *'U" 500 ICVA ^ansformer 

2364 

20S V 

Substation “U" 390 KVA Transformer 

2365 

13.2 Kv 

Substation “T" 300 KVA Transformer 

2366 

20S V 

Substation "T" 300 KVA Transformer 

2567 

13.2 Kv 

Substation "S" 3OO KVA Transformer 

2368 

208 V 

Substation ”S” 500 KVA Transformer 

2369 

15.2 Kv 

Substation ”R" 300 KVA Transformer 

2370 

480 V 

Substation "R” 300 KVA Transformer 

2371 

13.2 Kv 

Substation "Q” 300 KVA Transformer 

2372 

208 V 

Substation "Q” 3OO KVA TransfomKr 

2375 

13.2 Kv 

Substation ”AA” 300 KVA Transformer 

2374 

208 V 

Substation *'AA" 300 KVA Transformer 

2375 

13.2 Kv 

Substation "P" 3OO KVA Transformer 

2376 

208 V 

Substation "P" 300 KVA Transformer 

2377 

13.2 Kv 

Substation "N" 500 KVA Transformer 

2378 

480 V 

Substation 300 Transformer 

2379 

13.2 Kv 

Substation 500 KVA Transformer 

2380 

208 V 

Substation 300 KVA Transfojmier 

2381 

15.2 Kv 

Substation "L" 500 KVA Transformer 


(98) 


INDUSimiAL AREA 


Voltaee Level 


H'etwork Location 


208 V 
13.2 Kv 
208 V 

13.2 Kv 
208 V 

15.2 Kv 
480 V 

13.2 Kv 
208 V 
13.2 Kv 
13.2 Kv 
13.2 Kv 

13-2 Kv 

13.2 Kv 

13.2 Kv 

15.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 
13.2 Kv 
13.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 

13.2 Kv 


Substation 300 K?A Transformer 
Substation ”K" 3*^0 KVA Transformer 
Substation "K" 3^0 Transformer 
Substation "J" 300 KVA Transformer 
Substation “J” 300 KVA Transformer 
Substation "H" 500 KVA Transformer 
Substation ’'H” 500 KVA Transformer 
Substation "G''* 300 KVA Transformer 
Substation ”G'' 300 KVA Transformer 
WYE on FD ^ 203 at LBS ^ 30 
LBS / 50 

Primary Bus FD 203-3 at Substation 
"G” and "Z” 

Primary Bus FD ^ 203-1 at Substation 
"F” 

LBS / 18 

WYE on FD ^ 204 at MH 64 

Primary Bus FD / 205-4 at Substation 

"G” and "Z" 

Primary Bus FD ^ 205-4 at Substation 
”H" and "J” 

Primary Bus FD 203-3 at Substation 
"H" and 
LBS i 6T 
LBS / 68 

Primary Bus FD / 205-4 at Substation 
"AA» 

Primary Bus FD / 205-4 at Substation 

Uytl 

PrinBry Bxis FD ^ 205-4 at Substation 
Primary Bus FD ^ 203-3 at Substation 

lly!t 

Primary Bus FD ^ 205-3 at Substation 
"M" 

Primary Bus FD ^ 205-4 at Substation 

Primary Bus FD ^ 203-3 at Substation 
»K« 

Primary Bus FD ^ 205-4 at Substation 
*'L" 

Primary Bus FD jj 203-3 at Substation 
“L” 

Primary Bus FD / 205-4 at Substation 
Primary Bus FD ^ 205-3 at Substation 


2412 


(99) 


INDUSTRIAL AKEA 


Bus Code 

Voltage Level 

Network Location 

2413 

13.2 Kv 

Primary Bus FD / 205^4 at Substation 

n-pJi 

24i4 

15.2 Kv 

Jr 

Primary Bus FD ^ 205-3 at Substation 

«pn 

2415 

13.2 Kv 

Jr 

Prijmry Bus FD ^ 205-4 ai Substation 
"T" 

Primary Bus FD / 203-3 at Substation 
"T" 

Primary Bus FD / 205-3 at Substation 

2416 

15.2 Kv 

2417 

15.2 Kv 

24i8 

13.2 Kv 

0 

Primary Bus FD / 205-4 at Substation 

UqJI 

2419 

13.2 Kv 

D 

Primary Bus FD ^ 203-3 ^4 Substation 

iipii 

2420 

13.2 Kv 

Primary Bus FD ^ 205-4 at Substation 
*'R“ 

Primary Bus FD ^ 205*4 at Substation 

Primary Bus FD 203-3 at Substation 
*'Q" 

Primary Bus FD 5 ^ 205-5 at Substation 

2421 

13.2 Kv 

2422 

13.2 Kv 

2423 

13.2 Kv 



"W" 

2424 

13.2 Kv 

Primary Bus FD ^ 205-4 at Substation 
"W" 

Primary Bus FD ^ 203-3 at Substation 

tfviJ 

2423 

13.2 Kv 

2426 

15.2 Kv 

A 

Primary Bus FD 205-4 at Substation 

ttvlf 

2427 

13.2 Kv 

Primary Bus FD 203-3 s-'ti Substation 

)tv»l 

2428 

13.2 Kv 

JL 

Primary Bus FD jj 205-4 at Substation 
’*Y" 

Primary Bus FD 205-3 Substation 

Primary Bus FD 4 205-4 at Substation 
Base OPS 5 OO KVA Transformer 

2429 

13.2 Kv 

2430 

13.2 Kv 

2451 

13.2 Kv 

2432 

480 V 

Base OPS 3 OO KVA Transf ormer 

2433 

13.2 Kv 

Base Support 223 KVA Transformer 

24>4 

208 V 

Base Support 225 KVA Transformer 

2435 

13.2 Kv 

Base Support 500 KVA Transformer 

2436 

480 V 

&,se Support 5 OO KVA Transformer 

2457 

13.2 Kv 

Electro Ffe-g Lab I 50 KVA Transformer 

2438 

208 V 

Electro Mag Lab I 50 KVA Transformer 

2459 

13.2 Kv 

So. Bell Exchange 50 O KVA Transformer 

2440 

208 V 

So. Bell Exchange 300 KVA Transformer 

2441 

13.2 Kv 

Central Tel Off 5 OO KVA Transformer 

2442 

208 V 

Central Tel Off 500 KVA Transformer 
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INDUSTRIAL 


Bus Code 
^kh3 

2m 

2445 

2446 

2447 

2448 

2449 

2450 

2451 

2452 

2453 

2454 

2455 

2456 

2457 
2438 

2459 

2460 

2461 

2462 
2465 

2464 

2465 

2466 

2467 

2468 

2469 

2470 

2471 

2472 

2473 

2474 

2475 

2476 

2477 

2478 

2479 

2480 

2481 

2482 

2485 

2482 


AREA. 


Voltage Level Hettrork Location 


15.2 Kv 
480 V 

13.2 Kv 
208 V 

13.2 Kv 
208 V 
120/240 V 
480 V 
48o V 
480 V 
208 V 
480 V 

120/240 V 

15.2 Kv 

15.2 Kv 

13.2 Kv 

15.2 Kv 

13.2 Kv 

15.2 Kv 

13.2 Kv 
13.2 Kv 
208 V 

13.2 Kv 
480 V 

15.2 Kv 
480 V 

13.2 Kv 
480 V 

15.2 Kv 
2.4 Kv 

13.2 Kv 
2.4 Kv 
13.2 Kv 
480 V 
480 V 

13.2 Kv 

480 V 

480 V 
13.2 Kv 

480 V 

13.2 Kv 
13.2 Kv 


Central Tel Off 750 KVA Transfoa^r 
Central Tel Off 730 KVA Tians former 
Cafeteria 5 OO KVA Transformer 
Cafeteria 300 KVA Transformer 
Dispensary 112 l/2 KVA Transformer 
Dispensary 112 1/2 KVA Transformer 
Dispensary X jRay I 5 KVA 10 Transformer 
Heat Plant 500 KVA Transformer 
Central Supply Annex 300 KVA Transformer 
Central Supply FAC 300 KVA Transformer 
Fire Station 112 l/2 KVA Transformer 
Central Supply Con^lex I 30 KVA 


Transformer 

Service Station 15 KVA 10 Transformer 
LBS / 6 

WYE on FD 5^ 208-5 in 36 
WYE on FD ^ 208-6-7 in MH 30 
no Switch for FD j/ 208-5 ^ 8 

LBS # 8 

nc Switch for FD j/ 209-4-8 at LBS ^ 8 
WYE on FD 209 at MH 22 
Auditorium 225 KVA Transformer 
Auditorium 223 KVA Transformer 
Substation ”F" 50O KVA Transformer 
Subs-bation "F" 300 KVA Transformer 
Substation ”E*' 1000 KVA Transformer 
Substation "E“ 1000 KVA Transformer 
500 KVA Transformer 
300 KVA Transformer 
1500 KVA Transformer 
1300 KVA .Transformer 
1500 KVA Transformer 
Substation 130O KVA Transformer 
Substation “A” 300 KVA Transformer 
Substation ”A“ 500 KVA Transformer 
KSG Headquarters USS 5/ IB, 25OO KVA 
Transformer 

KSC Headquarters USS 5^^ 2C, I5OO KVA 
Transformer 

KSC Headquarters USS ^ 2C, I3OO KVA 


Substation ”D" 
Substation "D" 
Substation "C” 
Substation "C" 
Substation "B” 


Transformer 

KBC Headquarters USS ^ 2D, I5OO KVA 
KSC Headquarters USS ^ lA, 2500 KVA 
Transformer 

KSC Headquarters USS j/ lA, 25OO KVA 
Transformer 

WYE on FD ^ 205 at MH 82 
WYE on FD # 205 at MH 80 


( 101 ) 


INDUSTRIAL AREA 


Bus Code 

Voltage Level 

2435 

15.2 Kv 

2486 

13.2 Kv 

2487 

13.2 Kv 

2488 

13.2 Kv 

2489 

13.2 Kv 

2490 

13.2 Kv 

2491 

13.2 Kv 

2492 

13.2 Kv 

2493 

13.2 Kv 

2494 

13.2 Kv 

2493 

2496 

2.4 Kv 

2497 

2.4 Kv 

2493 

2499 

2.4 Kv 

2500 

2.4 Kv 

2501 

13.2 Kv 

2502 

13.2 Kv 

2505 

13-2 Kv 

2504 

13.2 Kv 

2505 

208 V 

2506 

13.2 Kv 

2507 

208 V 

2308 

13.2 Kv 

2509 

208 -v 

2510 

13.2 Kv 

2311 

208 V 

2512 

480 V 

2513 

208 V 

2314 

13.2 Kv 

2513 

208 V 

2516 

13.2 Kv 

2517 

13.2 Kv 

2518 

15.2 Kv 

2519 

13.2 Kv 

2320 

13.2 Kv 

2521 

13.2 Kv 

2522 

13.2 Kv 

2323 

13.2 Kv 

2524 

13.2 Kv 


Network Locaitlon 
LBS 14 

WIE on FD / 204 at MH 39 
¥2E on FD # 203 at MR 39 
LBS ^ 16 
LBS / 64 

LBS 5^ 65 and 5^ 60 

NO &7ltch on FD ^ 10 at Substation 

*'B" and "C” 

UC Switch FD 5^ 12 at Substation *’A*' 
WO Switch on FD 9 at Substation 
and "C” 

WC Switch on FD 11 at Substation 
"A" 

Wot Used 

Chiller 1 at Substation ”B” 

Chiller # 2 at Substation ”3” 

Wot Used 

Chiller 3 at Substation ”C” 

Chiller ^ 4 at Substation "C" 

ISS 4 53 ■S'DK 4 2 

FD -Ms. at Substation "D” 

PD ^ 1 at Substation *'D" 

Substation ”CRC" 300 KVA Transformer 
Substation “CRC" 300 KVA Transformer 
Substation "CR3" 300 KVA Transformer 
Substation "CRB” 300 KVA Transformer 
Substation "CRA" 3OO KVA Transformer 
Substation "CRA" 500 KVA Transformer 
Substation "CRD" 5OO KVA Transformer 
Substation "CRD" 5OO KVA Transformer 
ClF Antenna Site 3 " 750 KVA 
Transformer 

GIF Antenna Site 1 - 500 KVA 

Transformer 

LBS 4 62 

ClF Antenna Site 2 - 225 KVA 
Transformer 

FD 4 103 at ClF Antenna Site / 1 
ClF Antenna Site 1 - 5OO KVA 
Transformer 

WIE on FD 5^ 102-4 at MH 65 

FD 4 102 W.O. at Substation "CRB" 

FD 4 102 W.O. at Substation "CRD" 

FD # 101 WC at Substation "CRA" 

FD 4 101 HC at Substation "CRD" 

FD 4 102 WO at Substation "CRA" 

Tel 4 , W6-229 Ej 225 KVA Transformer 
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mOUST.^IAL AREA 

Bus 1 

Code 


Voltage Level 

2323 



208 V 

2326 



13.2 Kv 

2327 



208 V 

2328 



13-2 Kv 

S529 



208 V 

2330 



15.2 Kv 

2551 



480 V 

2552 



13.2 Kv 

2533 



480 V 

2354 



13.2 Kv 

2535 



208 V 

2536 



13.2 Kv 

2557 



15.2 Kv 

255s 



13.2 Kv 

2539 



13.2 Kv 

2540 



13.2 Kv 

2541 



13.2 Kv 

2542 

thru 

2544 

480 V 

2545 



4S0 V 

2546 



48o V 

25^t7 




2348 



480 V 

2549 



48o V 

2550 



480 V 

2531 

thini 

2555 

480 V 

2554 

thru 

2368 

480 V 

2569 

thru 

2374 

48o V 

2375 

thru 

2582 

480 V 

25S3 

thru 

2594 

480 V 

2595 

thru 

2602 

480 V 

2605 

thru 

2605 

480 V 

2606 

thru 

2609 

480 V 

2610 

thru 

2613 

480 V 

2614 

thi’u 

2622 

480 V 

2623 

thru 

2626 

48o V 

2627 

thru 

2633 

480 V 

2634 

tiiru 

2638 

480 V 

2639 

thru 

2649 

460 V 

2650 

thru 

2658 

460 V 

2659 

thru 

2664 

480 V 

2663 

thru 

2676 

48o V 

2677 

thru 

2685 

480 V 

2684 

thru : 

2683 

480 V 


Network Location 


Tel 4, N6-220E, 225 KVA Transfoir^er 
Central Telemetry 750 KVA ILransfonner 
Central Telemetry 750 KVA Transformer 
Central Telemetry 750 KVA Transformer 
Central Telemetry 750 KVA Transformer 
TPQ-l8_, Q6-62, 300 KVA Transformer 
TPQ-18^ Q6-82 j 300 KVA Transformer 
TPQ-18 j Q 6-82 j 300 KVA Transformer 
TFQ-18 j Q 6-82 j 300 KVA Transformer 
Universal Camera Pad 3^ 1^ 75 KVA 
Transformer 

Universal Camera Pad / 1, 75 KVA 

Transformer 

LBS ^ 37 

wys on FD ^ 211 at MH 233 
LBS / 38 FD # 211 

Central Telemetry 1000 KVA Transformer 

LBS / 38 N.C. SwltcL 

LBS # 38 H.C. Switch 

Substation *'A” Loif Voltage Nst^fcrk 

0 and C Cooling Tower Pump / 1 - 100 3P 

0 and 0 Cooling Totrer Punro 4 - ~ ^00 HP 

Not Used 

Substation ”A” Lo^f Voltage Netvrork 
Chilled Water Pua^ if 5 - 75 KP 
Chilled Water Pump jf 2 - 75 ^ 
Substation Low Voltage Network 
Substation ”E” Low Voltage Hetvrork 
Substation “F” Low Voltage Heteork 
Substation “H" Low Voltage Network 
Substation "N” Lovf Voltage Netvrork 
Substation "R" Lew Voltage Network 
Substation "IT” Lwr Voltage Network 
Substation *'EC” Low Voltage Neferork 
Substation *'EE“ Low Voltage Nefc-rork 
Substation "OB” Low Voltage Network 
Substation "OY" Low Vol'bage Network 
Substation "WC" Low Voltage Network 
Substation "WG" Low Voltage Net?rork 
Substation "BL" Low Voltage Network 
Flight Crew Training Substation "A" 
Fli^t Crew Training Substation "C" 

CIF Power Center 4 8 
CIF Antenna Substation 4 5 
Spacecraft Spares Bldg. M7-505 
Substation “A" 

Spacecraft Spares Bldg, M7“505 
Substation "B“ 


2686 thru 2687 480 V 
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BTOUSOSIAL ASM 


Bus Code 

Voltage Level 

2688 thru 2689 

480 

V 

2690 

480 

V 

2691 thru 26 sk 

480 

V 

2695 

480 

V 

2696 

480 

V 

2697 thru 2710 

480 

V 

2711 thru 2729 

480 

V 

2750 thru 2755 

480 

V 

273^^ 

480 

V 

2735 

480 

V 

2756 thru 2739 

480 

V 

2740 thru 2741 

48o 

V 

2742 thru 2748 

480 

V 

2749 

480 

V 

2750 thru 2765 

48o 

V 

2766 thru 2771 

480 

V 

2772 

480 

V 

2773 thru 2783 

4-80 

V 

2786 thru 2790 

480 

V 

2791 

480 

V 

2792 thru 2798 

480 

V 

2799 thru 2804 

480 

V 

2803 thru 2809 

480 

V 

2810 

48o 

V 

2811 tliru 2813 

480 

V 

2816 thru 2S25 

480 

V 

2824- thru 2836 

48o 

V 

2837 

480 

V 

2838 tlaru 2830 

480 

V 

2851 

480 

V 


jSetwprlc Location 

Spacecraft Spares ELdg, M7-505 
Substation "D" 

Central Supply WHouse Bldg. WJ- 6$8 
Central Supply WHouse Bldg. M6-744- 
Central Supply WHouse Bldg. M6-791 
Central Supply WEouse Bldg. M6-79*i- 
KSC Headquarters Substation ^ 1 
K3C Headquarters Substation ^ 2 
KSC Headquarters Substation / 1 
KSC Headquarters Substation ^ 2 
Sewage ^Creatment Plant 
Base Support M6-i^86 
Heat Plant 
ai^-18 (a6-82) 

So. Bell Exchange 
Central 2el Bldg. H6-2296 
Bldg. M6-I58 C.D. and S.G. 

Unified S Band Technical Bus 
Unified S Band Bldg. M5-IIM 
Visitors Informtion Center 
Freguencj'- Control Analysis 
ECS Bldg. 

Fluid Test Support 
EF System Test FAC 
Cryogenic Test 4 ' 1 
Cjiyogenic Test 2 
Hypergolie Test ^ 1 
SAEF # 2 Bldg. Id7-1210 
Ordnance Lab 
SAEF 1 Bldg. M7-1469 
Ordnance St or. Bldg. K7-1472 


INDUSTRIAL PSEk 


Bus Code 

Voltage Level 

2850 


2831 


2852 

15.2 Kv 

2853 

48o V 

285lf thru 2900 


2901 

15.2 Kv 

2902 

13.2 Kv 

2903 

15.2 Kv 

290h 

13.2 Kv 

2905 

13.2 Kv 

2906 

15.2 Kv 

2907 

13.2 Kv 

2908 

13.2 Kv 

2909 

13.2 Kv 

2910 

13.2 Kv 

2911 

13.2 Kv 

2912 

13.2 Kv 

2915 

13,2 Kv 

2914 

15.2 Kv 

2915 


2916 


2917 



Network Locatioa 


Puii^ Station, ^^7-l098, 112 l/2 KYA 
TranSiOrmer 

Pump Station, M7-IO98, 112 l/2 KVA 

Transfomer 

Not Used 

LBS ^ 6 NO Switch PD ^ 208 
IBS # 2 NO Switch PD ^ 209 
LBS # if-5 NO arttch PD-/ 20" 

LBS / 62 NO Switch PD / 105 

PD /105 NO a/itch to Substation "CRC” 

IBS / 18 NO Switch PD ^ 205 

LBS 4 18 NO Svritch PD 4 202 

IBS / 19 NO Switch PD / 203 

IBS 4 58 NO aritch PD / 202-8 

LBS # 13 NO Switch 5D / 202 

LBS 4 15 NO Switch PD / 202/205 

IBS 4 NO a-ri-tch PD 4 20lj- 

IBS 4 16 NO aritch PD 4 20lj. 

DBS 4 NO aritch to Yolt Regulators 
launching Coimplex System 
launching Con^lex System 
Launching Complex System 
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INDIM RIVER BRIDGE SYSTEM 




Bus Code 

Voltage Level 

2086 

13.2 Kv 

2087 

480 V 

2088 

15.2 Kv 

2089 

208 V 

2090 

208 V 

2091 

13.2 Kv 

2096 

13.2 Kv 


Network. Loca-bion 

E30, 5 37 1/2 KVA T3:arLsforEiers 

F30j 3 X 57 1/2 KVA Transformers 
Pass I.D. Gate 4 5 25 KVA 

Transformers 

Pass I,D. Gate / 3, 5 x 25 KVA 
Transformers 

KASA M. Tours 3 x 25 KVA 
Transformers 

NASA TWA Tours 3 x 25 KVA 

Transformers 

Reclosure and %-Pass 




B. LaimchiriK Complex - Industrial Ajcea Systems IntercoimectlorL; 


a) Hetffork Sectloa. connected to Latinchlnp; Ccanplex VflB feeder 4 ! 609 
(operational voltage 13.8 KyV or to Sidusl^ia^ Area Feeder 4 
(operational voltage 13.2 ky) tbr x l67 KVA vol-^Ee regulators 

13.2/15.8 Kv. 

This network section has been coded 2000, belonging to the Industrial 
Area Network, but has been considered connected to the Launching Complex 
System in the short circuit program. 

A single line diagram of the existing interconnection between the 
Launching Complex and the Industrial Area Systems with the code numbers 
included follo^rs: 



Section considered normally 
connected to Lamch Complex 


Section considered normally 
connected to Industrial Area 
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Line 

Code F 

itat’OS 

VAB Recloser 

10 

Closed 

VAB Recloser to LBS jOl 

10-11 

Closed 

LBS 301 "fco voltage regulators 

2915 

Open 

IBS 301 to substation 833 

11-12 

Closed 

VAB Recloser to LBS 502 

10-2211 

Closed 

LBS 502 to IBS 305 

2211-2210 

Closed 

LBS 302 to FCA Mobile site 

2211-2197 

Closed 

LBS 302 to 54WT8 

2211-2172 

Closed 


The network section of the Indtistrial Area that has been considered 
normally connected to the launch Complex Feeder VAB 609 has the following 
prinary bus codes: 

15.8 Kt : 

2026, 2098, 2102, 2104, 2J-06, 2108, 2110, 2115, 2HT, 2119, 2121, 
2125, 2125, 2129, 2151, 2155, 213T, 2159, 2l4l, 2145, 2 i 4 t, 2149, 2151, 
2155 thru 2169, 2172, 2197, 2199, 2210, 2211, 29I5, 2155, 2201, 2204 

15.65 Kt: 

2113, 2127, 2145 


The following lines will appear in the launching Complex short 
circuit program; 


Bus Code Positive -negative Sequence Zero Sequence 

Source-5 .00159 i-00?53 Infinite 


5-9 

.0 t j.08l 

5-9 

.0 + 0.081 

5-9 

.0 t 0.081 

5-9 

.0 + j.081 

9-10 

.001041 + 0.0005617 

10-31 

,0005855 + 0.00053.5 

11-12 

.001183 + 0 .000639 

10-2211 

.03ii-675 t 0.017164 

2211-2210 

.011762 t 0.0057188 


.0 + j.081 

.0 + j.08l 
.0 t j.OBl 
.0 t j.08l 

.0061526 + j .00459 
.00345 + j. 002574 
.006996 + j. 005219 
.0767351 + j. 048637 
.024154 + j .0142781 


Plus all the priiiary lines and associated secondary lines "^ere bus 
code ntonbers are listed above in the 13.8 Kv or 13.68 Kv sections. 


Line II-2915 will not appear in either the Launching Conrplex or 
Industrial Area short circuit programs because it is a nomally open 
condition. 

b) If user wants to incorporate the above network section into the 
Industrial Area short circuit program, the following steps shall be, taken: 
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1. Incoi^orate all lines coded at the 2000 lerel forKiarly in the 
Launching Complex short circuit program. 

2. Incorporate also lines 10-Uj 11-12^ and 10-2211, 

5. Md the following new lines: 

Bus Code Positiye-Wefiatiye Sequence Zero Sequence 

2915 "11 Infinite Infinite 

Source “11 


+ jX_ = resistance and reactance to positive sequence of bus code 
2915 as given by 3 ^ symmetrical short-circuit program of 
the Industrial Area 

4* jX = resistance and reactance to zero sequence of bus code 2915 
° obtained from the line to ground fault shoit circuit 
program as follcufs: 

Consider R + jX is the equivalent resistance and reactance component 
of the iH^edance corr*esponding to bus code 29I3 given by "bhe line to 
ground fault short circuit progran for the Industrial Area 


Where 


R + jX = (Rj^ + Rg + E^) + S + Xg + X^) 

Where R^ -f is the impedance of bus 2915 to negative sequence 
But in the average 




Ihen 

R^ = R - 2R^ 

X = X - 2X, 

O X 

In this stepj line source-11 = jgpedance of bus code 2915 establishes 
a Ihevenin eguiv^Lent impedance at bus 11 (LBS 301) looking from 291p 
towards the Industrial Area nettfork, and is equal to by-pass the whole 
Industrial Area netefork from Industrial bus (code 8) to LBS 30I (bus 
code / 2915)’ Line 2913-II will open LBS 30I (2915) from the Industrial 
Area nc-tvrork. 

Ihe abcvc step is valid whatever the configuration of the Industrial 
Area network is up to bus code 2915 • 

4. Multiply impedances to all sequences of all lines considered in 
steps 1, 2, and 3 above by the factor: 

(^)^ = .91^58 


C109} 


5 * So-urce voltage to "be = • 91^9558 j or the same source 

voltage as the Industrial Area. 

Steps it- and 5 will incorporate the network section into the Industrial 
Area network. Step 3 takes into account the voltage regulators input from 
Feeder / 211 from the Indiistrial Area at I3.2 Kv level and the voltage 
regulators output of I3.8 Kv to the network section. !Hhis is accon^olished 
multiplying the irapedance of the network section hy the ,9149538 factor 
which is equal to increase the voltage to 1.0 = I3.8 Kvs this i#ay we can 
use the same voltage source as the rest of the Industrial Area. 

c) If user wants to feed part of the noiroai Industrial Area network 
frcan the Launching Complex Feeder VAB / 609 tbro u ^ the 5 x I67 KYA voltage 
regulators 13.8/13.2 Kv, the following steps will he required: 

1 . Cpen the Industrial Area network at the desired switching station 
with a line card of infinite impedance. If a ne;f bus caie is required, 
it is suggested to use code numbers at the 2900 level. 

2 . Multiply all sequence impedances of all lines in the Industrial 
Area to be connected to the Launching Complex VAB Feeder 4 8O9 by the 

factor == 1.0454345. 

!Ehis will take into consideration the 15,8/13.2 Kv voltage regulators’ 
effect and maintain a source of 1.0 = 13.8 Ev for the whole network. 

3. Ihtroduee a new line: 

Bus Code Fositive-Hegative Sequence Zero Sequence 

H-2915 .0 + j.O .0 4 - j.O 

Ihe desired network section is connected to the Launching Complex 
network . 
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III, Short Circuit Program 
1 . Introduction 

Hie KSC short circuit program is described in detail in the follow- 
ing j)aragrap(hs. Hie approach tahen is to describe first the basic 
computational procedures and then the details of program structure. En- 
phasis is placed on program utilization and procedures to update the 
program in accordance tri.th subsequent network changes and additions. 

The short circuit program is configured to compute both three phase 
and single phase fault conditions. Line open computation options also 
are provided. The computational procedures utilized are based on es- 
sentially standard techniques employed in power industry short circuit 
programs, network impedance matrix formation algori th ms and short 
circuit algorithms are based upon those given in the book "Computer 
Methods in Power System Analysis" by Stagg and El-Abiad. Specific 
algorithms used are given in subsequent paragraphs. The program is 
specifically tailored to the KSC network and utilizes 'bhe radial struc- 
ture of the network to reduce con^utatlona.T requirements. 

2. Short Circuit Progi:am Description 

A. General Description 

The short circuit program employs the 2^^ nete'ork formulation 

thereby enabling a Thevenin equivalent neterork to be computed at a 
faulted bus. Fault currents and corresponding node voltages are then 
determined rising the Thevenin equivalent circuit. The basic assumption 
employed in this procedure is that load currents are negligible with 
respect to short circuit currents. With this assumption, if the network 
is described by 

?Bus ^Bus 


then the voltage change due to the fault is 

?Bus PF " ?Bus F ^ ^Bus F 
In the above: 

pp = Pre -fault bus voltages 
- Post-fault bus voltages 
= Fault cinnrents 
r: Bus impedance matrix 


■^!Bus F 
F 

^Bus 


•JLii:is, the nettrork is represented as the cang)osite Thevenin equivalent 
network shown in Figure 2.1. 


(in) 



‘^2F 
E .„5=0 

-,iy 


“jF 


,E 


nE' 


Figure 2.1 EieTrenin Eguivalent MetwOite for 
Short Circuit Calculations 


In Figure 2.1^ it is assumed that hus j has been faulted (either three 

phase or single phase fault) resulting in fault current I._ and E.„ = 0. 

J-*' 

Apply the fault condition at bus j to equations allows the fault current 
to be determined as 





2.5 


Wiere is the j-j element of the Hlhevenin equivalent im- 

pedance of the nefcforh as seen frcaa bus j. Using equation 2,5 and 
equation 2.2, the post fault bus voltages and current flows between buses 
are obtained, ilhe short circuit calculations is thus comprised of two 
computational procedures; one for determining the 2^tis matrix for a given 
network configuration and the other for computing conditions resulting 
from a short circuit. Since the network is part of the overall 


computational algorithm, it is possible to alter the network after fault 
occurrence and compute conditions in the modified network. 03ius, to 
aid in protection analysis, an optional computation is provided which 
sequentially disconnects one at a time all lines connected to the faulted 
bus and aetemiines bxis voltages and line flows under those conditions. 


In the following, a more detailed description of these operations 
is given together with a functional diagram defining infomation flow 
in the program. 


B. network Assembly 

A substantial portion of the short circuit calculation is concerned 
with developing the appropriate impedance matrices in a computational . 1 .y 
efficient manner, in a substantially radial’ network such as that at K^, 



( 112 ) 


the matrix is very sparce, i.e. contains a large nvmiber of zero 

elements. 52iat is, buses in a given radial are connected to buses in 
another radial only at the reference or supply bus. Furthermore, 

is symmetric since the impedance between connected buses is bilateral. 
Therefore, only elemeni.s of which are on and above the main 

diagonal and ■which directly affect the desired output need to be stored. 
The first tash accomplished by "fehe program 'then is to sort the input 
network data to define those elements and store them for use in as- 
sembly of A re-fcained bus list is compiled which lists the set of 

ne'tufork buses together with all buses connected to each. Eius, when 
a particular bus is faulted, only those elements of which are 

required to compute line flows to connecting buses are employed. 

The matrix is assembled sequentially by adding (or subtracting) 

ifl^dances associated with network lines, one line at a time. Let 

represent 'iihe partial network bus impedance matrix and 2^^ represent 

•the modified matrix after the addition (or deletion) of a line. The 
modified matrix is obtained from 'the partial matrix by addition (or 
deletion) of a rmr and column. Two cases occur; -when the additional 
line is a radial line -whose terminal bus is not included in the partial 
network, and addition of a line whose terminal bus is included in the 
partial ne'twork. The latter case amounts to closing a loop in -the ne-tr 
work (providing dual feed to a load). Two different algorithms are em- 
ployed. 

For the addition of a radial line, assume -that the partial ne'twork 
has n buses so that 


P « 




- - — — - - 



^22 



F 

1 

1 

f 


/ 

/ 

/ 

/ 

/ 

/ 

/ 


\n 



la. 



Let the additional line have impedance Z 

nm 

Then 


And 


Z = Z 
mm nm 
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m 




^In 

0 

7 ^7 

12 i 22 


^2n 

0 

”T 

! 

t 

t 

1 

i 




^!^2n 


nn 

0 

0 

0 


0 

z 

mnii 


[Ehus, the modified matrix is simply one hi^er in dimension frith one 
additioi3sl diagonal element. 

For addition of a line frhieh closes a loop^ the initial and ter- 
minal "buses of the line are "both in the partial network. ^Ehus^ the 
modified natrix and the partial matrix haye the same dimension. !Ehe 
modification thus requires changes in partial matrix elements. As- 
sume the line is to be added between buses p and q.. ®ae changes are 
accomplished according to 

Z. . = Z. . 
ijm ijp 

i, j = Ij 2 




.n 


2,h 


Kie change elements Z^^ 



Z., = Z, . = Z . - Z„. „ ^ 

il li pi q.1 2.5 

i = 1, 2. . . ,n ± ^ 1 


Z,, = Z, - Z^ + Z 2.6 

^ pi ql pq 

Where 

Z - imp edance of added branch 

pq_ 

Z^^ = partial matrix element in location p, i 
Z . = partial matrix element in location q, i 

q^ 

ThuSj the system bus impedance matrix may be coarputed sequentially by 
adding elements in accordance irith the netirork structure. Lines are 
remcnred by using the above algorithms to add a line with in^iedaace equal 
to the negative of the impedance of the line to be removed. 



Since both single phase and three phase fault conditions are 
ccmputed, symmetric coniponents are employed, 03itis two matrices, 

the positive sequence matrix and the zero segtience matrix, most be 
compiled. Essentially the same coigputational procedure is used for 
each. Interconnection between buses is different for zero sequence 
from that of the positive sequence due to the existence of Delta 
connected transformers . 33ms, either the retained bus list must be 

modified for zero sequence, or the input data must he arranged 
to reflect the different connection constsraiints . In order to minimize 
computational complexity, the latter approach is employed In the shoirb 
circuit program. If buses p and q, are connected for positive sequence 
currents but not for zero sequence, then the positive sequence line 
impedance is Z and for zero seqiience is given in the input data as 



= oo 


C. Short Circuit Calculations 

The short circuit calculations follcfw from equations 2.2 and 2 . 5 . 
If bus q is to be considered, then both single phase and three phase 
fault constraints are ing)osed and resulting cuirents and voltages aie 
computed. Table 1 helcfw summarizes computations for each case 


' ■' ■■■■ ■ 

Type Fault 

Sin^e Fhase Fault 

Three Phase Fault 

Fault Constraint 

E =0 
aq 

E - El = E =0 
aq T)q eg 

Sequence Fatilt 
Current 

E 

T _3^L__ 

“qF^ ” Z + 2Z 

I - 

1 -0=0 
>1^0 . ■ 

Total Fault 
Current 

^aF ^ ^\f^ 

I = I 
■^aF qF^ 

Bus Voltage 
During Fault 

E .•» ~ Z . I Ti 

E.-c=E™ -Z. 

qPF jq^ qF^ 

z 

aa 

Flow Between 
Bus i and Bus j 

E.t. -e.„ 

I.. = ^^0 

. Z , 

I. - = E._ - 13. -r, 

3-^1 J^^l 

• 

I. . a 21. . t I. . 

^^a . ^^0 1 

^ ^.1F " ®iF 

« : H 


ISkhle 2.1 Short Circuit Ccaiiputation -Algorithms 
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la the ahoTre table, the notation is used that subscript EF indicates 
pre -fault condition; subscript P indicates condition during fault; 
subscript o indicates zero sequence; subscript 1 indicates positive 
sequence; subscript a indicates phase a; upper case Z. . indicates 

elements of lower case indicates line in^dance between bus 

i and J . 


In the event that more than one line is connected to a faulted bus, 
‘the option exists to sequentially open the connected lines one at a 
time and compute the resulting network conditions. Ihe algorithms for 
those computations are the same as in Table £.1 except the hus 
impedance elements are replaced by modified elements in accordance with 
the deleted line. 


!Eh,e option exists in the program of either ccsmputing fault condi- 
tions at a single bus or sequentiaxiy congjuting fault conditions for 
each bus for an. network buses. 





sma? 


Data 

oa 

Tape? 


Read network: 
Title 
(MAIN) 
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'Trint 

Line 

List? 


Print Line 
List 
(IBDTJMP) 



Build. Positive Sequence 
Matrix 

iimsax, ADG-M, ADLBSE, 
LOOP, 0!RIM} 



Print Positive 
Sequence Matrix 
(LOMTRX) 


■Single 
Phase 
Pault? . 


Build Zero Sequence 
Matrix 

(MAaiax, ADsm, : . 
ADLINE, LOOP, TRIM) 



Calculate Plows 
and Voltages for 
03iree Phase Fault 
(TPBTG) 


Print 
Ife.tr ix? 


Print Zero 
Sequence Matrix 
(L3MIBX) 


....-^trisr 

Change? 


Calculate Flows 
and Voltages for 

Single Phase Fault 
(SPAIEG) 


mditional 

Output 

Requested? 


Change ifatrices 
(MATCHZ, Mi^TX) 


f New \ 
Network 
Requested? 
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5 . 3japut Data Preparation. 

A system network diagram should be a-vailable '^-jhich includes all 
buses and impedance values. If the single phase to- ground option is 
usedj a aero sequence network diagram is also needed. 

All buses must be named wi12a a unique name or number* Ihe first 
letter of the bus name signifies the bus voltage as folloHSJ 

Bus Voltage First Letter of Hame 


13 , 800 A 

ij .,160 B 

480 C 

208 D 

115,000 E 

13,680 F 

13,520 G 

13,200 H 

2,400 J 

120/240 K 


(Ehe biis names may contain up to six characters. Hie output will be 
generated in alphanumeric sequence. Hie reference bus must be named 
”S0IBCE”. Hie word "SOIIRCE" has been reserved for ground. Cta.ce the 
name has been established, it must always be referred to by that name — - 
column for column, including blanks. 

Special consideration must be given to the equivalent representation 
of transfomers, since the positive and zero sequence network diagranK 
may be different. If this is 'the case, both network diagrams must be 
made to correspond to each other. If a node exists in only one network, 
the con^sponding network can be made equivalent by inserting a corres- 
ponding node and inserting an in^dance element large enough to eliminate 
any flow in the line that is missing. Hiat is, an infinit e in^edance 
( 9999 ‘) should be given the missing line. 

Impedance data base conversion is available to the user. For the 
Industrial Area, the impedances are calculated on a 15.8 Kv base, but 
the base voltage is actually 13.2 Kv. Hierefore, the in^edances for the 
Industrial Area must be multiplied by a factor ' 1.0i].54345* Hiis is 

acccimplished by insearting a card punched ”^^SOBC3u£IiAHI10IE” followed by 
a card with 1.0434543 punched in holes 11 - 20 . Hiis causes the computer 
to multiply each irpjedance by 1,0454343 as the cards are read into the 
computer. Location and use of this card is explained in paragraph 4. 

It is recoamsended that a degree of caution be exercised in preparing 
data for the program. Hie range of actual irrpe dance data shouliL not 


exceed 5OO to 1. The deflaition of actual in]i>edaace data is any line 
in which a flow is expected to occur. If a line flow is expected to 
be eliminated with the ttse of a large impedance value, as in some 
transformer applications, this impedance value should be at least 500 
times the largest actual impedance value. 03ie above ratios are only 
guidelines and should be used as such. 

Each ;;.lne must also be assigned a circuit number (0~15). 53iis 
number is used along with the two bus names to identify the line, 
Therefore, parallel lines can be distinguished. Since the circuit 
number may not be greater than 15, if moare than I6 lines connect two 
buses, an artificial bus must be created with zero impedance to one of 
the existing buses. ^ no circuit number is assigned, the computer 
automaticaJLly assigns the number zero. 

The above data is placed on data cards in the following format: 

Card Column Description 

1-6 Bus name (sending bus) 

15-18 Bus name (receiving bus) 

25-52 Positive sequence resistance in per tmit 

55-^0 Positive sequence reactance in per unit 

4l-Ij-8 Zero sequence resistance in per unit 

h-9-^6 Zero sequence reactance in per unit 

61-62 Circuit number 


4. Program Utilization 

The data is read into the ccsraputer in logical blocks. I^ch block 
of data is preceded by a program control card to inform the ccaiputer 
what information is contained on the following cards. The blocks of 
inforns-tion should be organized in the following order: 
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Jfeich. of iiiese blocks 'Will not/ be described. 

A. Title 

This block will contain only two cards , The first card will be 
title" . This card tells the coarputer that the foUowing card contains 
the title of the network about to be presented. The nejcfc card contains 
the title of the network in the first J2 colmnns of the card. 

B. Set ParaineterB 


This block is broken into two parts. Each part way or may not occur. 
If a block does not appear, a default value will be assigned to 'che 
parameters , 

The first group of parameters that can. be set contains the values 
of the MVA base and the input impetlance constant. The first card in 
this part is "^IISCEEIAISEOUB" . This card is followed by a card contain- 
ing the WA base in columns 1-10 and the input impedance constant in 
columns 11-20. The MVA base is set to 10 if this section does not 
appear. The input impedance constant is the value by TatLich all input 
impedance values are multiplied as they are read. This nuniber is set 
to one if this section does not appear. For the Industrial Area, the 
input Impedance constant must be l.Oii-5^5^5* 

The second part of this block sets the following limits : 

1) Ifeximum size of the retained bus list 

2) ’Maximum size of the auxiliary list 

5) Maximum number of buses 

Ij.) Maximum number of lines 

5) Maximum dimension of the impedance array 


These limits are set as follows: 

First card LIMITS" 

Second card 


Column 


Descrintion 


Default Yalue 


1-10 

11-20 

21-50 

51-40 

41-50 


Max. size bus list 4o 

Jfex size aux. bus list 200 

Max. nuniber of buses 1,000 

Jfex. number of lines 1,000 

1-Iax. dimension 
iij^dance array 


100 
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The default values represent the largest value these limits may he 
without program modifications . These numbers arepresent the size of 
various arrays in the program and have proven adequate for the 
existing network. If network expansion should require modification j 
these limits may be expanded by increasing the size of the following 
arrays in tlie program; 


Array 


D imension 


LSTRHD 

LSTAUZ 

BKAME 

LBTE,X1^X0 

LSTBUS 

Z1,Z0 


Max. size of ret. bus list 

Max, size of aux, bus list 

Max. number of buses (not to exceed 2000 ) 

Max. number of lines 

Max. dimension impedance array 

(K’-i*l)(Mt2)/2, ^Siere is the max. dimension 
of the inpedance array 


C. Network Data 


This block contains the line data. The first card in this block 
is "*LINE DATA”. The following cards contain the line data in the format 
presented in the previous section. The last card of this block must be 
”*EBD” to signify the end of the line data cards. 

D, Network Changes 

Either or both of the follotfing changes may be Hade to the network: 

a) Add lines — The first casrd in this section will be ”^INE ADDITIONS” , 
This card will be follcwed by line data cards prepared as before. 

The last card will be ”*TND" to signify the end of the line 
additions , 

b) Remove lines — The first card of this section will 'be 
REMCfWiLS" . This card will be followsd by line data cards for 
the lines to be removed. The last card of this section will be 
”*SND“ to signify the end of the line removals. 

E. Creating a Thpe 

At any point in the executictn of a program, the network existing in 
the program may be saved on a history tape for future reference . This 
is done by inserting immediately after any of the blocks outlined 
previously a card with "*WRITE RECORD” in the first 15 columns of the 
card with the following additional informtion: 
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Card Column 

Field 

Definition 

51-40 

IC 4 

FQRTEIAIT l/o device number on which 
the histoiy tape reel for this study 
is mounted 


41-50 

IC5 

Reel number of the tape mounted on 
the device IC 4 

51-60 

IC 6 

Punch ^rith any non-zero integer if 


this is to he the first record on the 
tape. (Chis destroys anything that 
may have been on the tape previously. 
Por saving records subsequent to the 
f 5 xst case, -&is field is to be left 
blanic. Ihe program •aill count records 
and add the current record to the 
existing records and print a message 
indicating the nuniber of the new record. 

After the record has been saved by the program, a message is written on 
the output stating; " Data from previous case has been saved on tape t 

reel number , as record number Ohe tape indicates the 

logical device number of the output tape device. 

A tape of the existing power system of the Kennedy Space Center has 
been produced. Siis tape is labeled “BJESYS" and contains data for the 
Industrial Area as record one, and data for the Launch Complex as record 
two. 

F. Using a iUape 

Whenever it is desired to load the data from a ease previously 
saved on a histoiy tape (ex; loading the existing KSC network data) a 
"*BECALL KECQRD” card is placed in the deck. HSiis will cause the cesnputer 
to read data previously stored on tape. This one ca3::d. ney accangilish 
■fehe task of reading the title, setting the parameters, and entering the 
line' data. However, if a different title or parameter set is desired, 
these blocks may be included after the ”^ 5 ?EGAU!i RECCKD” card.. 

This card is foimatted as follows: 


Card Column 

Field 

Definition 

1-14 

CMTR 

"■KRSCALL HEGQRD” 

51-40 

IC 4 

FQRTHAH’ l/O device number on which the 
history tape reel is mounted. 

41-50 

IC5 

Reel number of 1 iie tape mounted on the 
device IC 4 . 

51-60 

IC 6 

Record cumber which is to be loaded. 
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G, Requesting Output 

a) Basic Requests 

55ie program has three different output modes for two types of 
fault conditions. {Ehe three modes are ”SELEC!ISID" ^ ^ and 

"MODIFIED'’. When requesting output, one mode is ccmbined uith either 
"THREE PHASE" or "SIWGRE PHASE" on an output request card to ^nerate 
output for a three -phase -to-ground fault or a single-phase-to-ground 
fault respectively. 

"SEIEJECIED” output ~ This output mode enables the tiser to select the 
buses which are faulted. This will be 'bhe most common type of output 
since the user can request exactly the output desired. When requesting 
"SEEsECTED” output, the following cards are tised "^EDECtED THREE PHASE" 
or "^SELECTED SINGLE PHASE". This card ifill be followed by cards 
specifying the buses to be faulted. lEhe name of each bus to be faiilted 
will be punched in columns 1-6, one bus per card. These cards will be 
followed by a "*EPrD” card to signify that aH faulted buses have now 
been specified. Any number of buses my be specified at one time. 

The program will fault the buses sequentially one at a time . 

“STANDARD” output - This output mode sequentially faults all buses in 
the network in alphanumeric order. Only one card is required to request 
this output, i.e., "^TAEDARD THREE PHASE" or "«STAHDARD SINGEiE PHASE" 
will create three-phase-to-ground or single-phase-to- ground faults for 
each bus in the network. 

"MODIFIED" output - The "MODIFIED" output mode, like the "STARDAEL" 
output mod^ sequentially stepes throu^ the neirtfork in alphanumeric 
order faulting the buses one at a time. However, rather than beginning 
with the first bus alphanumerically, the "MODIFIED" mode begins at the 
bus specified on the card following idle card calling for "MODIFIED” 
output. (Example; card 1 - "MODIFIED SINGLE PHASE”, card 2 - "G209" 

— these -bfo cards together call for the program to first fault bus 
C209 with a single-phase-to-ground fault, then fault sequentially all 
buses following bus 0209 alphanumeric order). 

b) Output Options 

The output modes described above may take any one of many forms 
depending on control variables that may be specified on an output request 
card. These control variables appear in columns 40, 50? 60, end TO. 

These control variables are described below: 

IC4 “ This variable is punched in column 4o of the output request 
cards. If IC4 is set to 1, the impedance matrix is printed each time 
it is ecmputed. If 104 is blank or zero, the matri:? is not printed. 

105 “ variable is punched in column 5® of the output request 
cards. The line flows will be output for this number of buses away frcm 
the faulted bus. Eor ’'SELECTED" output this nuniber is specified for 
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each bus to be faulted in column 51 of the cards specifying the buses 
to be faulted. If this column is blank: or zero^ it is interpreted as 1 . 

IC6 - This variable is punched in column 60 of the output request 
cards. If IC6 is non-zero ^ the reordered line list ({EEtEE STRUCTURE) 

•will be prixited each time the matrix is computed. A blank is inteorpreted 
as zero and no line list is printed, 

IC7 - This variable is punched in column TO of the output request 
cards. If this variable is zero or blank, the output will con-fcain 
output for each faulted bias -with each of the lines tied to that bus 
open. Any non-zero number supresses this feature, 

H . Matrix Changes 

An option exists in the program which allows the xiser to request 
changes to the positive and zero sequence matrices and ask for output. 

The matrix may be ccanputed or called from a saved record. Remember, 
when using 'this option that the matrix must contain at least a small 
retained area that was computed previously. With this option, the user 
may remcve lines, add lines, remove buses from the STe'fcained lis"^;, or 
ask for printing. Change cards may be in any order but must follow one 
of the following program control ca3rds and terminate 'wi'th a program 
control card punched "*EHIi" in colimms 1-4. 

a) ” -MATRI X CHANGES THREE" - This program control card makes 
changes to the positive sequence matrix only, and gives output in -fche 
three phase output format, 

b) "^lAHBIX CHANGES SINGLE" - This control card makes changes to 
both the positive and zero sequence matrices. The ou-fcput is in s ingl e- 
phase-to-ground format. 

If the user desires, he may first form a smaJi . matrix and then, by 
using the options explained here, he may build the matrix in the same 
way in which •fche program does in a nomal run. 33ie user my first add 
a line and then, if the bus is never used again, the bus may be eliminated 
from the mtrix and another line added. This process can be repeated 
until all -fche lines are included for the system. It is not suggested 
that ■fche user use this approach for large systems. 


The input card format for matrix changes follows: 


Card Column Field Name Description 


1-6 

15-18 

25-56 


NP 

NQ 

NS 


Bus name (sending bus) 

Bus name (receiving bus) 

Positive and zero sequence as 
on line data cards 

This is a code 1-5 ‘Which defines 
the action desired. 

1. If a 1 is punched in column 
60, -fchis indicates the removal 
from the matrix of "the line 


60 
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described on the card. Both 
the sending and receiving buses 
inust be in the retained bus list. 
Only the bus naines and the cir- 
cuit number are required in ad- 
dition to the option code, 

2, If a 2 is punched in column 
60, this indicates that a line 
is being added to the existing 
matrix. One bus must be in the 
retained bus list in order to 
add a line and this must appear 
as the sending bus on the input 
card; all data is required for 
this card. 

5. Xf a 3 is punched in column. 

60, this indicates to the program 
the elinination a bus from 
the retained bus list. Ihis 
means to the user that this is 
no longer available for further 
study. This bus name must appea.i' 
as the sending bus. Only the bus 
name and option code are necessary 
on this card. 

4. if a 4 is punched in column 
60, this indicates that the ijser 

is asking for output. She bus raich 
appears as the sending bus is 
faulted and output is given for as 
many buses as appear in the circuit 
number field. For exarrple, if a 
1 is punched in the circuit number 
field when using this option, the 
output will incliade the faulted 
bus and all lines connected to it. 
All lines will be opened around 
the bus and output given for this 
condition, 

5 . If a 3 is punched in column 
60, this indicates that the user 
is asking for output as in 4 above. 
If this option is used, no lines 
are opened. Othexwise, 3 is iden- 
tical to 4 . 

6I-62 ITG This is used as the circuit number 

for types 1 and 2 . On a type 4 
change, WC is interpreted as H-back. 

Hote: Xb should be understood that a matrix change cannot be made im- 

mediately af-ber reading in the line data because a matrix has not yet been 
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generated, Ttie user must first call for output vhich would cause the 
matrix to be built. Once a change is requested, it does not actually 
become effective until output is again requested which causes the matrix 
to be recomputed. Output should be requested by using option if. 

I. Program Control Cards 

Th is section contains a con^jlete description of all program control 
cards i*equired to implement the various phases of the Short Circuit 
Program. Most of these cards have been covered previously. Por these 
cards, this section will summarize the information covered earlier. In 
addition to those cards previously mentioned, a number of less commonly 
used ca3cds are also mentioned here. Those cards require no additional 
explanation other than that pi^sented in this section. A cconmand to 
execute a particular phase of the program is recognised by an punched 
in card column one followed by one or more command words punched in 
card columns 2-24. Each command word must be separated by a blank and 
left justified in the field, starting in card coltram two. In addition 
to the command field, four other fields are provided. These fields are 
called control fields and are designated internally as IC4, IC5, IC6, 
and ICT. ALL control fields are ten columns wide and end in caid columns 
40, 50, 60, and 70 respectively. lata punched in these fields should 
he right justified. 

1. *STATOAE?D THREE PHASE - This is a single control card which computes 
a tlrree phase fault study. It gives output for all lines and buses 
connected directly to the faulted bus. If IC4 is set to 1 in column 40, 
the impedance matrix is printed each time it is computed. If a number 
is pimched in IC5, column 50 of the progiam control caid., the line flows 
will be output for that ntnuber of buses away from the faulted bus. If 
IC5 is zero or blank, it is assumed to be 1 and only the flows for the 
lines connected directly to the faulted bus will be printed. 3jf IC6 is 
non- zero, the reordered line list (TREE STRUCTUEiE) will be printed each 
time the matrix is computed. If IC7, column 70j is non-zero the line- 
open feature is disabled. 

2. '^^TAHIIARD SUTGLE PHASE - This program control card is the same as in 
(l) except the output is computed for a single -phase -to-ground fault. 

5. •MODIFIED THREE PHASE - This program control card is the same as in 
(1) except the output is not computed for all the buses. This card should 
be followed by a card containing a bus name in columns 1-6, This bus 
will be faulted and then all cards following in alphanumeric order. 

4. MODIFIED SHTGLE PHASE - This program conti*ol card is the same as in 
(3) except the output is confuted for single-phase-to-ground fault. 

5 . ^^SELSCTED THREE PHASE - This control card should be f oUo^TSd by one 
or more data cards which must be terminated with the control card "*EHD", 
The data cards should contain, in columns 1-6, the nanva of the b"us to be 
faulted. If the line flows for more than 1 bias away aie desii'ed, the 
number-back should be placed in column 51 of the same data card thai. names 
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the bxis to he faulted. Uie program vill confute the inrpedance matrix, 
based upon the input cards. Only three phase output will be computed. 

6. ■^SKIECTED SINGUil EHASE - This control card is the same as (5) 
except only single -phase -to-ground option is computed and output. 

Note: For SKTiEGTED TPRKE PHASE or SELECTED SINGIE PHASE options, any 

punches in ce 50 (1C5) ignored. The number-back must be specified 
in cc 51 oi’ each data card specify in g buses to be faulced. 

7. *DUMP LINE LATA - This is a single control which dmig)s out the line 
data that is in core at the time the control card is read and executed. 
If IC4 has a 1 punched in column li-O, the ordered line list is printed 
rather than the sorted list. This wlTl only be true if the matrix has 
been computed before this requested print. 

8. *ERIWT Z1 MATRIX - This is a single control which prints the positive 
sequence matrix at the time of request. 

9. *PRINT ZO MATRIX - This control card prints the zero sequence matrix 
elements in the machine at the time of the request. 

10. *LINE ADDITIONS - This control card should be followed by one or more 
data -cards which must be terminated with a "*END”. This control makes 
line additions to the line table already in the machine. 

11. •SiilNE REMOVAIS - This control expects other input data to follcfw 
and a card with ”*END” punched in column 1-4 to terminate the action of 
this control. This control removes lines frcsn the line data already 

in the machine. 

12. ^^MAOZRIX CHANGES THREE - This control expects other input data to 
follow and must terminate with a card "*ISilD“ to terminate the action of 
the control. All data input und.er this -card win only force change to 
the positive sequence matrix. 

15. ^^MATRIX CHANGES SINGLE - This control card e^^ects other input data 
to fonow and must terminate with a card to terminate the action 

of the control. An data input under this -control card win force 
change to the positive and zero sequence matrix. No mutuals win be 
involved using this option. 

14. *LIST BUS - This control card prints the list of bus names in alpha- 
numeric order and the bizs numbers associated intemany with each bus. 

15. *LINE DATA - This control card expects the line data to fonow and 
must-be terminated with a card punched ’’-SPEND" beginniog in coltEnn 1, 

16. *SEiT LIMITS - This control card expects only one card to fonow. 

The next card win contain the fonowing parameters: MAXEET (maximum 

size of retained bus list - columns 1-10 ), MAXAUX (maximum size of 
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auxiliary bus list - coltHnus lL-20), MAXBtJB (niaxliiima nuiaber of buses - 
Golxinuis 21 - 50 ), MAXLI (maximim number of lines - colums 51-40 ), and 
MAXCOL (maxiJEum number of buses in impedance mtrix - colunms 41-5G). 

A blank or aero in any of these fields -Hill be interpreted as “no 
change” , These "values are originally set to their nv^xi"nTmn values of 
70 , 200 , 1000 , 1000 , 100 respectively. 

17 . "JMSCKLIAHEOUB - This control card expects only one card to follow. 

The next card "Will con"ba±n -fche follcRring information: M7A base in 

columns 1-10, and the input impedance constant in columns 11-20. 

18 . ^ZEE RECORD - This is a single control card and additional 
information must appear on the card. ®ie logical l/O device number 
must be punched in the 1C4- field, ri^t justified. Hie reel number 
punched in the IC 5 field, ri^t justified. If the IC6 field is punched 
"With a non- zero number, "this will be "the first recoard on "the tape, but 
if left blanlc, the record "will be added to the reel. If this is the 
first time to use "iihe "tape, IC 6 must be non-zero. 

19 . *RECALL RECORD - This is a single control card "wi-th the necessary 
information to recall a Base Case . The logical l/ 0 device nuaiber 
punched in "fche IC4 field, ri^"fc justified. Hie reel number is punched 
in the IC 5 field, right justified. Hie desired record number is 
punched in "fche IC 6 field, ri^t justified. If the IC 6 field is left 
blank, an error aessage will be flagged. 

20. "S^TITLE - Title card follows and prints as heading title. As asany 
cards aiay be input as "the user likes, but only the last card is retained 
in the aiachine for further use. 

21. "J^EMARKB - Remarks card follows. Lists on output tape, single spaced. 
As many cards may be input as necessary, but one most be “ 

input "With every remarks card. Only one card is read per coorfcrol card. 

22- *END - This control card is punched in columns 1-4- and must be used 
"with -some of "the other control cards to terminate the action of "that 
ccaitrol card "wi'tdi which it is being used. 

25 . ■*/ - This control is used to signify the beginning of an independent 
case. and is a “do nothing” if read at any other time during input, 

Ho"be; The s"fcart of a set of da"fea cards for a case that is independent 
of "the results of other eases should be marked by preceding the set of 
independent data with “*/“ punched in column 1 and 2. The reason for 
this is "that when "fche program detects an error, it searches for the next 
independent case by looking for a card "with ”■»/'* la column 1 and 2. It 
is not necessary to place this card in front of "the first ease. Several 
independent studies can be set up at a time wi"fch "the use of history 
tapes. Each time a study is called frcan a history tape, this can be 
considered an independent study. 

To ob"tain a clean ending for this program, control cards 22 and 25 
are used together. Place the ”*/" card followed by an carrd after 

all "fche data and program control cards. This signifies the end of "the 
run. 
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J , Output Description 

On the output the number of lines included in the system aire 
printed along I'rilth the mmiber of buses. 15ie refei^nce generator is 
also printed. This is the bus used to start building the inatrtsc. It 
may be noted that •when running a large study^ -this iisiy change in the 
middle of the output. This means -that the matrix has been ccsaputed 
more than one tirne and a different genemtor has been selected to 
s'fcart building 'the matrix. 

On the output, the faulted bus 'will appear under 'the heading 
faulted bus. The total fault under FAUId? and the driving point imped- 
ance under IMPEDANCE. Circuit number w1.ll appear j'ust before the nsme 
of the o’tiher end bus. ISider heading fault to bus will appear another 
bus name. This bus is the other end of the line leading atTay from the 
faulted bus. Under the heading "voltage and flow will be the flow in 
the line and voltage at the bus appearing tender the heading fault to 
bus. When a bus appeaa^ to the left of the bus under 'the heading 
fault to bus, this is 'the name of •fche opposite end of a line whi^ is 
not connected directly to the faulted bus. Note; Voltage always 
applies to •fche bus under the heading fault to btts. 

When asking for output •fcwo buses away from ■the faulted bus, ou'fcput 
will include all lines two buses a^ray fr^m the faulted bus. If -fewo 
buses are tied together wl‘bh a line 'which are two buses a^way from the 
faxilted bus, -that line -will appear in tlie ou-tjput list, ilitis is also 
true when asking for only one bi 2 s away from the fa'ul'fced bus, 

a) Three Phase Ou'fcput 

Three 'types of ou’tgput may be reqiaested for ’tihree phase. Standard 
output faul'ts e-yery bus and gives ■fche acw in all lines a specified 
number of biases away from the faulted bus. Each line connected to the 
faulted bus is opened and the flows ccai^mted for 'fche ssne nuniier of 
buses a"way fresa the faulted bus. Selected oru'fcput is the sasaje as 
s'fcandard output except "that only 'the regues'fced ntaaber of buses are 
faul'fced, Ou'fcput may be regues'fced through the matrix changes and here 
■the number of buses atray frean "the faulted bus ■will include only those 
buses which are incl'uded in the re'fcained area. Modified output is the 
same as s'fcandard ou'fcput except the pass throu^ the buses s'fcarts at -the 
specified bus. 

b) Single Haase Ou'fcput 

The output format for single-phase-to-ground is the same as "three 
phase outpu'fc except ■fche calculations are different a nd more has been 
added. Under "iiie heading IMPEDANCE, "the equation is 2Z^(l) -f Z (o) 

and EZ is the zero sequence vol'bage at the fa'ulted bus. Phase flow 
3 Iq are printed for all lines when the bus is faulted. 51 ^ is -the three 

phase fault current. The vol'bage at the opposite end of all lines connected 
to the faulted bus is also printed. 
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K. Sample Becks 

Pre seated here are two sample card decks. iChese decks represent 
two independent studies and are presented xor illustration only. 

a, Ihe following sample card deck will read in the line information 
for a network with five lines and four buses. -All buses are 48o volt 
base. The MVA base is 5* network is titled “SAMELE K-aiLlffOEK. ” 

The output is standard three phase plus an additional output for a 
single phase fault on bus CJ. 


«TITbE 

SAMPLE JSEIWOEK 


^^CCSCELLAHEOUB 


5. 

*LI1SE DATA 


SOURCE 

Cl 

.001 

.18 

.003 

.02 

0 

Cl 

C2 

.007 

.15 

.01 

-101 

0 

Cl 

03 

.008 

.151 

.015 

.091 

0 

C2 

03 

,01 

.05 

.01 

.07 

0 

C3 

(A- 

^c-13 

.102 

^-25 

.251 

^c-53 

.035 

^-kl 

.1572 

ib-li-9 

0 

-tc -62 


*ENI) 

^TAHBAEB THREE PHASE 

*/ 

SELECTED SINGLE PHASE 
03 

*EKD 

*/ 


*END 
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a. The followisag sample card deck -^dXL read in line data frcmi 
a tape mounted on the tape drive i?ith logical device nuniber 2. The 
first record on the tape trf.ll read. Two lines are then added and 
three phase output requested for buses KL20 and B121. 


*RECALL RECORD 


2 11 
c-llO c-50 c~60 


*LmS ADDITICMS 


B119 

KL20 

.002 

,013 

,ooT 

.025 

0 

B 120 

Blg|, 

^c-13 

.011 

^-25 

.025 

'*^c **55 

.018 

-Cc-Jjl 

.035 

-tc-i {.9 

0 

'Cc“62 


*EMD 

^SELECTED THREE PHASE 

B 120 

B 121 

*END 

*/ 


*MD 


o o o o o 
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Appendix I COIPmiBR PROGRAMS FOR ZERO SEqUECTCE PARflMEM CALCULAICIOHS 

Computer programs to calculate zero sequence impedances of 5 ^ 
electrical cables ■with earth return using Fortran Language. 

The following cards are comnion to all programs, 

^ CONTROL CARDS 

CCMELEX ZO, ai, ZC 
DB®JSOT LABEL (2) 

DATA DE, EE/10560., .286/ 

DATA com/. 8382/ 

WRITE (6, 100) 

ZG = CQMELX (RC + RE, C0RI«AL0G10(DEy™) ) 

GO TO 10 

100 FORMAT (IHI, 20X, “3MEEDAWCE PROGRAM" ! hi., 

1 "LIRE", I7X, "Z’% 25X, "EC", 8X, 

999 STOP 

END 

XQT 

The value DE = IO56O. = 88O. * 12. represents -the equivalent depth of 
the earth return path^ RE = .2862 is -the resistance in ohms/mile of earth 
return pa-fcb and is independent of the depth of the return. 

We wl31 reproduce se'veral basic programs and list the differences with 
similar programs . 

A. PILCi 


2: CCHTROL CARDS 
^ FOR, IS PILC 

PROGRAM CCMPUTES ZERO SBQTIEHGE IMPEDAHCES OF 
3 CONDUCTOR SEEATEEED CABLES INSTALLED IN STEEL 
CONDUITS (ZO) OR IN FIBER DUCT6 (Zl) WITH EARTH 
RETURN 


COMPLEX ZO, ZL, ZC 

CCMELEX ZS, ZP, ZCS, ZCP, ZSP, ZE54CP, ZGMCS 
CCiyiPLEX ZGMCP, ZCPMSP, ZSMCS, ZCSMSP 
DIMENSION LABEL (2) 

DATA DE, RE/10560., .286/ 

DATA CONI/. 8582/ 

DATA T, CR, C)^15.36, 29.9, I8.1/ 

WRITE (6, 100) 

10 READ (5, 101, END = 999) LABEL, RC, Qffi, RS, ASH, 
1 ' AP 

DP = AP*2. 

RP = T«CR*5.28/(DP*1000) 

XP = T^X->?5.28/(Dm000) 

U = AP - ASH 
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■ ZC = CMPLX (KC -I- EE, C0III*AL0G10(DE/{3®) ) 

ZS = CMPLX (5.*ES + EE, C0UI*ilL0G10(DE/ASH) ) 

ZEMCP = CMPLX (5.*EP, 3.*XP). 

ZCP = CMPLX (EE, CQin:*AL0G10(DE/AP)) 

zcs = CMPLX (EE, coio;#alogio(de/ash)) 

ZSP = CMPLX (EE, CQNI^ALOGIOCDE/U)) 

ZP = ZCP + ZEMCP 
ZCMCP = ZC - ZCP 
ZCMCS = ZC - ZCS 
ZSMCS = ZS - ZCS 
ZGSMSP- = ZCS - ZSP 
ZCIMSP = ZCP - ZSP 

ZO = ZS*(ZCMCS->SZEMCP + ZGMCP«ZCIMSP -h 

1 ZSP»(ZCMCp5fZSMGS + ZCMCS«ZCSMSP) + 

2 ZCS*(ZEMCP«ZSMCS - ZGSMSP^ZGPMSP) 

ZO ZO/(ZS*(ZP-ZSP) -J- ZSP¥(ZS-ZSP)) 

za = ZC -(zcs^s/zs) 

WEPCB (6, 102) LABEL, ZO, EG, (Ml, ES, ASH, SP, XP, AP 
HKCCB (6, 105) Z1 
GO TO 10 
999 STOP 

100 FQE?MA5C (iHl., 20X, "IMPEDABCE PECmAM'7/5X, 

1 "LIRE", 17X, "Z", 25X, "EC", 8X, 

2 "Q®", YX, "ES», 8X, "ASH", JX, ’*EP", 8X, 

3 ”XP", 8X, "ap'7 

4 16X, "EEAL", 9X, "JMAGIHAEY*'//) 

101 POEMAn? (a4, a 6, 3Eao.3) 

102 FQRMAa? (IX, A4, A6, 2EL5.3, lOX, YFID.^) 

103 PORMAn? (iix, 2E15.3//) 

EHD 

PILC 500 .149 .6 .61 1.26 2, 


B. BRNJ 


^ GOmOL CAEI^ 

S FOR, IS EREJ 

C PROGRAM CCMPIJEES ZERO IMEEmABCE OF 3 GQEII)I]C 

C TOE OR 3 SINGLE COMDUCOXB M-SEEAIEHED CABLES IBSTAELEID IS 

C SIEEIL CCMDUITO (ZO) OR IN FIBER DUCSS (Zl) WPPFT 

G EAEIH EETORN 

C 

CCMPLEX ZO, Zl, ZC 
CCMELEX ZP, ZCP, ZFMCP 
DIMENSIOK LABEL (2) 

DAIDA DE, RE/10560,, . 236 / 

DA!EA CONI/. 8382/ 

KAJEA T, CR, 0715.565 29.9, 18.1/ 

WRPEE (6, 100) 

10 READ (3, 101, EHD = 999) LABEL, EG, CMRIC, GMD, AP 
DP = AP«2. 

EP = I«GR^.28/(DP*1000) 

XP =: T*CX^.28/(DP*1000) 


OOOOQQOOOOOOa 


GMR ^ (QffiIC«(aiD«®JD)^(l./5.) 

ZC = CMELX (SG + .EE, C0HT»ALC)G-10(DE/(MR) ) 

ZEMCP - CMPLX (5.*SP, 5.*XP) 

ZCP = GMPLX (EE, CQfn;*ALOG-iO(DE/AP)) 

ZP = ZGP + ZEMCP 
ZO = ZC - (ZGP«ZCP/ZP) 

Z1 = ZG 

WEECE (6, 102) LAEEL, ZO, EC, OffilC, EP, XP, AE 
WEECE (6, 105) ^ 

GO 10 10 
999 STOP 

100 POEMAT (IHl, 20X, "IMPEDADTCE PR0GBAM"//5X, 

1 "LINE”, 17X, “Z“, 25X, "EC", 8X, 

2 “OffilC", 5X, "BP", 8X, "XP”, 8X, "AP"/ 

5 16X, "EEAL”, 9X, "IMAGIErARI’'//) 

101 POEMAT (A5, Alf, 4P10.5) 

102 POBMAT (IX, A5, Alj., 2EL5.5, lOX, 5PIO.5) 

105 PQEMAT (aiX, 2EI5.5//) 

END 

2 ^ >S3,T 


C. PXAC 

2: GOmOL GABES 
— POR, IS PIAC 

PROGRAM CCMPUTES ZERO SEQUENCE B3PEDAHCES OP 
am 50 PIAC CABLE SUBPEKBED PRCM A MESSENGER 
WEEHOOT GROUND WIRES (ZO) OR WITH ONE GEOOHD 
WIRE AT TOP QP POIH SPACED 66 INCHES PRCM 
MESSENGER (SL) OR ONE 5C PIAC CABIE 
INSTALLED UNDERGROUND IN FIBER DUCT (Z2) 
PROGRAM ASSUMES THICKNESS OP ALUMINUW 
SBEATH TO EE EQUAL TO THICKNESS OF THE LEAD 
SHEATH OF ONE PIAC CABLE OF SAME VOLTAGE 
RATING AND CONDUCTOR SIZE 
PROGRAM ASSUMES MESSENGER AND GROUND 
WIRES TO BE OF SAME SIZE AND MATERIAL 

CCMPLEX ZO, Zl, ZC 

CCMPLEX ZS, ZM, ZW, ZCS, ZCM, ZCW, ZBM, ZSW 
CCMPLEX Z2, ZCMGS, ZCMCM, ZCMGW, ZSMCS 
COMPLEX ZCMMSl, ZCWMSW, ZCaOl, ZCSMSW 
CCMPLEX ZWMCW, 2MMCM 
DIMENSION LABEL (2) 

DATA DE, RE/10560., .286/ 

DATA CONI/ .8382/ 

WRITE (6, 100) 

10 READ {5, 101, END = 999) LABEL, RC, Q©, AW, 

1 OD, S, EW, RS, ASH 

0®M = .TT9*AW 

(MJW = ( . 7T9*AW*66 . )*»(! ,/2 . ) 

DCM = ((OD - -S # SQRT-(3.)/3.)*(S^/l}-. + (OD + 
1 S«SQRT(3.)/6.)*«2. ))*«■(! ./5.) ’ 


r 




I 
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BSM = (ASH*ASH + (ASH + OD/2 . . )‘^(l*/2 • ) 

DOT = ((66. + OD - s*sqrt(3.)/5.)*(s«s/4. + 

1 (66. + OD + S^QRT(?.}/6.)-¥^.)* 

2 (OD - S«SQRU?(5.)/5.)*(S«^A. + . 

5 (OD + S^QRT(3.)/6.)«.))-5«t(i./6.) 

DStr = ((ASH*ASH + (ASH + 66. + OD)*3f2.)* 

(ASH«-ASH + (ASH + 0D)**2. ))^(l.A. ) 
RSA ;= .1206T*RS 

ZC = CMPLX (BC + RE, C0HI*AL0G-10(DE/C3yER)) 

ZS = CMPLX (5.*RSA 4- RE, COMI*ALOG10(DE/ASH) ) 
ZW = CMPLX (5.*R57 + RE, COHI*ALOG10(DE/0([RW) ) 
2M = CMPLX (5.*RH + RE, CQRTtALOGlO (DE/CSMRM) } 
ZCS = CMPLX (EE, CONI*ALOG10(DE/ASH)) 

ZCM = CMPLX (RE, C0roAL0G10(DE/lXM)) 

ZCW = CMPLX (RE, C0KI*AL0G-10(DE/DCM)) 

ZSM = OIPLX (RE, CONI*ALOG10(lJE/im)) 

= C3-5PLX (RE, C0HI«AL0G10(DE/DSg) ) 

ZSMCS = ZS - ZCS 
ZCMCS = ZC - ZCS 
ZCMCM = ZC - ZCM 
ZCMCW = ZC - ZCW 
ZCSMSM = ZCS - ZSM 
ZCSMSW = ZCS - ZSW 
ZCMMSM = ZCM - ZSM 
ZCWMSW = ZCW - ZSW 
ZWMCW = ZW - ZCW 
ZMMCM ZM - ZCM 


Z1 = ZS*(ZGMCS«ZWMCW + ZCMCW-^ZCWMSW) 

1 -t- ZSW*(ZCMCW«ZSf4CS -i- ZCMGS^ZCSMSW) 

2 + ZGS*(ZWMCW^SMCS - ZCSMSW^«ZCVm-?) 

Z1 = Zl/(ZS*(ZV7 - zsw) + zsw*(zs - zsw)) 

ZO = ZS*(ZCMGS^^ZMMCM + ZCMCM-^ZCMMSM) 

+ ZSM*(ZCMCIA-3«ZSMGS + ZCMCS^SMSM) 

+ ZCS*(ajMCM--^ZSMGS - ZCSMSM^CMOl) 

ZO = ZO/(ZS*(ZM - .ZSM) + ZSM*(ZS- ZSM)) 

Z2 = ZC -(ZCS^fZCS/ZS) 

WRITE (6, 102) LAPEL, ZO, RC, GMR, RS, RSA, RW, AW 
VffilTE (6, 103) SI- 
WRITE (6, 103) 

WRITE (6, lOll.) 

GO TO 10 
999 STOP 

100 FORMAT (IHI, 20X, “IMPEDAMCE PR0GRAM"//3X, 

1 "I, ME", ITX, "Z", 25X, "RC", 8X, 

2 "<MR", TX, "RS", 8X, "RSA", TX, "RW", 

3 8X, "AW"//16X, "REAL", 9X, "IMAGMARY"//) 
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101 FORMAI (2A5, 6 F 8 .ll-) 

102 FORMAT (IX, 2A5, 6F8.4) 

105 FORMAT (nX, 2 FI 5 . 5 ) 

104 FORMAT (//) 

EHD 

^ 3{QT 

D, XLPA; 


^ CONTROL CARDS 
- FOR, IS XLPA 

G PROGRAM CCMPUTES 233RO SEQUEOJCE IMPEDAKCES OF 

G 5 SINGLE CONDUCTOR CAHLSS SUSPmCED FRCM A 

C MESSENGER UITH (ZO) OR WITHOUT (Zl) ONE GROUND WIRE 
C SPACED 66 INCHES FROM MESSENGER 

C PROGRAM ASSUMES ®OUKD AND MESSENGER 
C WIRES TO BE EQUAL SIZE AND MA3ZERIAL 
C 


COMPLEX ZO, Zl, ZG 
CCMPLEX m, ZW, ZCM, ZCW 

D3MSI0N LABEL (2) 

DATA DE, RE/10560 , .286/ 

DATA COMI/.8582/ 

WRITE (6, 100) 

10 READ (5, 101, END = 999) LABEL, RC, OIRIC, S, EW, 
1 AW, OD 
GMR = (Q5RIC*S«S)**-(l./5.) 

(MW = C.779*AW«.)**(l,/2.) 

DCM = 1.28*0D - 

DGW = ((66. 4 - OD - S^«SQRT(3.)/5.)*(S«S/4, -i- 
1 . (66. + OD + S«SQRT(3.)/6.)^.))«*(1./3.) 

DOW = (DCW*DCM)**(l ./2 . ) 

ZC = CMPLX-(EC +-RE, CQNI*AL0G10(DE/@ffi)} 

ZM = CMPLX (3.*EW 4 - RE, CaNI*AL0C310(DE/C7T9*AW) )) 
ZW = CMPLX (5.OT 4 - EE, CQin:MI-OGLO(DE/<Mf)) 

ZGM = CMPLX (RE, CQNI*AL0G10(]]E/DCM)) 

ZCW = CMPLX (EE, CQNIMLOGIOCIJE/DCW)) 

ZO = zc - (zcw«zcw/zw) 

Zl = ZC - (zcm«zcm/zm) 

WRITE (6, 102) .LABEL, ZO, RC, Q5RIG, S, OD, RW, AW 
WRITE (6, 105) Zl 
GO TO 10 
999 STOP 

100 FORMAT (lEL, 20X, ’’IMPEDANCE PR0GRAM“//3X, 

1 "LINE", I7X, "Z", 25X, "RC", 8X, 

2 "MIC", 5X, "S", 9X, "OD", 8X, "RW", 8X, 

3 "AW"/l6X, "REAL", 9X, "iMAGIHAEy"//) 
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101 FOEMAiP (2A5, 6P10.6) 

102 F0MA3? (IX, 2A5, 2EI5.5, lOX, 6F10.6) 

105 FORMAH? (IIX, 2EI5.5//) 

EHD 


^ XEKD 
E. OTA: 


2: CCamiOL CARDS 
— FOR, IS OTA 

C HiOOlAM CCMPUEES ZERO SEQUENCE IMFEDAHCE5 OF 
G 5-lC-CABIiES + I-IG-NUEJEHAL US SWT. COMDUH 
C (ZO) OR IN FIBER DOCT (Sl) 

C 

CCI4PIiElX ZO, Zl, ZG 

GCMPLEX ZW, ZP, ZGP, ZCW, ZHP, ZCMGP, ZGM£3H 
CCMPEEX ZPMCF, ZCTMNP, ZMJN, ZCMP 

DIMENSION LABEL (2) 

DMCA IE, EE/10560., .286/ 

DA3 IA coni/ .8382/ 

DAm T, CR, CX/15.36, 29.9, 18.1/ 

WR]3}E (6, 100) 

10 READ (5, 101, EHD = S^^) LABEL, EG, EN, (MRIC, 
1 (34RN, S, AP . 

DP == AP^, 

RP = {P»CR«5.28/(nP*1000) 

XP = T«CX-K5.28/(DP*1000) 

®SR = (CMBIC«5*S)**(1./3.) 

ZC = CMPLX (RC.-i- EE, CQNI/*AL0G10(DE/(24R)} 

ZN = CMPLX {3.*EN + RE, C0UI*AL0G-10(DE/®!IRN)) 
ZCN = CMPLX (RE, COiHI*ALOG10(Dfl3/S;) 

ZCP = CMPLX (RE, CQNI«AL0G10(LE/AP}) 

ZNP = ZCP 

ZEMCP = (5.-^, 3.*JCP) 

ZP = ZCP + ZEMCP * 

ZKMCN = ZN - ZCN 
ZGIMNP = ZCP - ZNP 
ZOiUMNP = ZCN - ZHP 
ZCMCP - ZG - ZCP 
ZCMCN - ZG - ZCN 


f 


ZO « ZN*(ZCMCN«ZIMCP + ZCMCP«ZCB5KP) 

+ ZNP*(ZCMCP^fZNMCN + ZCEMCN'^ZCNMNP) 
+ ZCN'»(ZPMCP¥ZNMCN - ZONMKP^ZGIMHP) 


ZO * Z0/(ZN*(2P - ZNP) + ZNP»(ZN - ZNP)) 
Zl = ZC - (ZC5f5^ZCN/ZN) 


r 


V • I 
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mJISB (6, 102) MBEL^ ZO, RC^ M, (M^IC, 

1 GMRN, S, AP 

WBrEE (6, 105) Z1 

GO TO 10 
999 STOP 

100 FORMAT (IHI, SOX, "IMPEDAEFOE PR0CIRAM"//5X, 

1 "LIKE" I7X, "Z", 25X, "RC", 8X, 

2 "RE", 8X, "OffilC", 5X, “GM“, 6X, 

5 "S", 9X, "AP"/l6X, "REAL", 9X, "IMAGIKARX"//) 

101 FORMAT (A4, A5, 6FIO.5) 

102 FORMAT (iX, Ak, A?, 2215-5, 6FIO.5) 

105 FORMAT (llX, 2215.5//) 

END 

^ XQT 
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PARAMETER 

COIIPUTER PROGRAM 

DECERMBrATIOil 

RC 

PILC 

PIACj 

BRMJ, 

ILPA, RHWA 

Table of Cable Characteristics 
Resistance Formulas for Positive 
Sequence 

m 

RHVrA 



Resistance Formulas for Positive 
Sequence 

RS 

PILC, 

PIAC 


Table of Cab3.e Characteristics 

ASH 

AW 

GMR 

PILC, 

PIAC, 

PILC, 

PIAC 

}{LPA 

PIAC 


Table of Cable Characteristics 
Table of Conductor Characteristics 
Table of Cable Characteristics 

QffilC 

GMRH 

OD 

BRKJ, 

RHWA 

PIAC, 

XLPA, 

XLPA 

RHWA 

Table of Conductor Characteristics 
Table of Conductor Characteristics 
Table of Cable Characteristics 

CSffl 

BRWJ 



Reactance Parameters for Positive 
Sequence 

s 

PIAC, 

XLPA, 

RHWA 

Equivalent to C3® as above 

RW 

PIAC, 

XII^A 


Table of Conductor Characteristics 
and Resistance Formulas for Positive 
Sequence 
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